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FOREWORD

The Exposure Assessment Gr oup (EAG) of EPA's Office of Research and
Developm ent has three main func tions: (1) to conduc t hum an health and e cologic al
exposure and risk assessments, (2) to review exposure and risk assessments and related
documents, and (3) to deve lop guideline s and handbook s for use in these assessments.
The activities under each of these funct ions are suppor ted by and r espond t o the ne eds of
the var ious progr am of fices, re gional of fices, and the technical community.

The Wildlif e Exposur e Factors Ha ndbook was produced in response to the
increased interest in assess ing risks to ec ologic al systems. Its purpose is to improve
exposure assessments for w ildlif e and suppor t the quantif ication of risk estimates. Itis a
companion docum ent to the Exposur e Factors Ha ndbook , which cont ains infor mation
useful f or quantif ying e xposur e to humans. Because informat ion and methods for
estimat ing e xposur e are continually improving, we will r evise th ese handbook s as

necessary in the future.

Michael A. Callahan
Director
Exposure Assessment Group
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PREFACE

The Exposure Assessment Gr oup of the Office of Health and Environmental
Assessment (OHEA) has prepared the W ildlif e Exposur e Handbook in suppor t of the Office
of Solid W aste and Emergency Response and the Office of Water. The Ha  ndbook provide s
infor mation on v arious factors used to assess exposure to w ildlif e. The goals of the
project are (1) to promote the a ppli cation of risk assessment met hods to wildlif e species,
(2) to foster a consistent approach to w ildlif e exposur e and risk assessments, and (3) to
increase the access ibilit y of the lit erature applic able to th ese assessments.

The bulk of the docum ent summarizes literature values for exposure factors for 34
species of birds, mammals, am phibians , and reptile s. In addition, we include a chapter on
allometric equat ions that can be used to estimate some of the exposure factors when data
are lacking. Finally , we describe some common equat ions us ed to estimate exposure. The
basic literature search was completed in May 1990 and was s  upplemented by targeted
searches ¢ onducted in 1992.

We anticipate updating this Handbook and would appr eciate any assistance in
identif ying additional sour ces of informat ion t hat fill d ata gaps or otherwise improve the

Handbook . Comments can be sent to:

Exposure Assessment Group

Wildlif e Exposur e Factors Ha ndbook Pr oject
USEPA (8603)

401 M Street, SW

Washington, DC 20460
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1. INTRODUCTION

The Wildlif e Exposur e Factors Ha ndbook (her eafter referred to as the Ha ndbook )
provides data, references, and guidanc e for conduc ting e xposur e assessments for w ildlif e
species expos ed to toxic chemicals int heir envir onment. It is the produc t of a joint effort
by EPA's Office of Research and Development (ORD), Office of S  olid W aste and
Emergency Response (OSWER), and Office of Water (OW). The goals of this Ha  ndbook are
(1) to promote the a ppli cation of risk assessment met hods to wildlif e species, (2) to foster
a consistent approach to w ildlif e exposur e and risk assessments, and (3) to increase the

access ibilit y of the lit erature applic able to th ese assessments.

1.1. PURPOSE AND SCOPE

The purpos e of the Handbook is to  provide a conv enient sour ce of infor mation a nd
an analytic framework for scree ning- level risk assessments for common w ildlif e species.
These scree ning- level risk assessments may be used for several purposes, inc luding: to
assess potential effects of environmental contaminat ion on wildlif e species and t o suppor t
site-specific decis ions (e. g., for hazardous waste sites); to s uppor t the d evelopment of
water-quality or other media-specific criteria for limit ing e nvir onm ental | evels of toxic
substances to protect w ildlif e species; or to focus r esearch and m onitoring efforts. The
Handbook provide s data (analogous to EPA's Exposure Factors Ha ndbook for humans,
USEPA, 1989c) and met hods for estimat ing wildlif e intakes or doses of environmental
contaminant s. Although t he data presented in the Ha ndbook can be used for screening
analyses, we recommend that anyone esta blishing a cleanup goal or  criterion on t he basis
of value s cont ained he rein obtain the original literature on which the values are based to
confirm that the study qua lity is sufficient to suppor t the criteri on. This Handbook doe s
not include d ata or extra polation methods requir ed to assess the toxicity of substances to
wildlif e species, nor doe s it include any chemical-specific d ata (e.g., bioavailabilit y factors).

For the Office of Water, data gathered for the Ha  ndbook were us ed to identif y
wildlif e species that are lik ely to be at gr eater risk from bioaccumulative  pollut ants in

surface waters and to estimate likely exposures for these species. Data on diets and on

1-1



food and water inge stion r ates can be used with chemical-specific infformat  ion, such as
bioaccumulat ion pot ential and wildlif e toxicity, to calcul ate site- or re gion- specific
conc entrations of a chemical in water (or s oil or sedim ent) that are unlik ely to cause

adverse effects.

For the Supe rfund progr am, this Handbook suppl ements the exist ing e nvir onm ental
evaluation guidanc e. EPA's Risk Assessment Guidance for Superf und: Volume II--
Environmental Evaluation Manual  (U.S. EPA, 1989a) provides an overview of ec ologic al
assessment in the Superf und pr ocess. It includes a descript ion of the statutory and
regulatory bases for ec ologic al assessments in Superf und and fund amental concepts for
unde rstanding e cologic al effects of environmental contaminants. The Environmental
Evaluation Manual also reviews elements of pla nning a n ecologic al assessment and how to
organize and pr esent the results of the assessment. EPA's  Ecological Assessment of
Hazardous Waste Sites: A Field and Laboratory Reference  (U.S. EPA, 1989b) and
Evaluation of Terrestrial Indicators for Use in Ecological Assessments at Hazar dous Waste
Sites (U.S. EPA, 1992) are compa nion docum ents that describe biologic al assessment
strategie s, field s ampling de signs , toxicity tests, biom arkers, biologic al field assessments,
and data interpretat ion. The ECO Update intermittent bulle tin s eries (published by EPA's
Office of S olid W aste and Emergency Res pons e, publi cation no. 9345.0-05I, available from
the National T echnic al Infor mation S ervice, Spr ingfield, Virginia) provide s suppl emental
guidanc e for Supe rfund on s elected issues. Alt hough t hese documents have identified
decreases in w ildlif e popula tions as pot ential endpoint s for ecologic al assessments, they
do not provide guidanc e on how to conduc t a wildlif e exposur e assessment that is
comparable to the guidanc e provided by the Supe rfund progr am for human health
exposure assessments. This Ha ndbook provide s both guidanc e and d ata to facilitate

estimat ing wildlif e exposur e to con taminants in the environment.

Exposure assessments for w ildlif e and hum ans di ffer in several important ways.
One key distinct ion is that many di fferent wildlif e species may be exposed, as compared
with a single species of conc ern for a hum an health assessment. Exposure varies between
different species and even between different  popula tions of the same species; behavioral

attributes and diet and habitat preferences influence this variat ion. Second, whereas itis
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seldom possible to confir m estimated levels of human exposure wit  hout invasive sam pling
of human tissues, confirmatory sam  pling f or many chemicals can be done in wildlif e
species (protected species excepted). However, the tissue sam pling r equir ed to quantif y
actual exposure levels can be costly, and interpretat ion of tissue conc entrations can be

complex.

For both hum an health and wildlif e exposur e assessments, the most cost-effective
approach is often to first screen for potentially s ignific ant exposur es using measures (or
estimates) of environmental contaminat  ion (e.g., in soils , water, prey species) to estimate
contaminant intakes or doses by s ignific ant routes of exposure. If estimated doses fall far
below the toxicity values associated with adverse effects, especially from chr onic
exposures, further assessment may be unnecessary. If estimated doses far exceed
reference toxicity values, it may be poss ible to d etermine appropriate act ions ont he basis
of these estimates a lone. When a screening- level exposure assessment indi cates that
adverse effects are likely, a dditional confir matory data may be needed in the decis ion-
making pr ocess. For humans, it is usually not practicable to obtain a dditional t ypes of da ta
(e.g., tissue conc entrations , biom arkers), and hum an exposur e estimates are often refined
by using m ore si te-specific data for exposure parameters. Forw ildlif e, confir matory data
may be obtained from chemical analyses of tissue samples from potentially exposed
wildlif e or their prey and from obs erved incidenc e of di sease, repr oduc tive failur e, or death
in expos ed wildlif e. These are reviewed in EPA's field and laboratory reference and
terrestrial indi cators documents described above (EPA, 1989b, 1992). If this more direct
approa ch is not pos sible , the exposur e analysis can be refined ont he basis of more site-

specific data for the species of concern.
Wildlif e can be expos ed to envir onm ental con taminant s thr ough inhala tion, de rmal
contact with contaminated water or s oil, or ing estion of con taminated f ood, water, or s oil.

Exposure assessment seeks to answer several quest  ions, including:

. What organisms are actually or potentially exposed to contaminants?
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. Which organisms or life stages m ight be most vulne rable to envir onm ental
contaminants (e.g., ingest the largest quantities of contaminated media

relative to body size )?

. What are the signific ant routes of exposure?

. To what amounts of each contaminant are organisms actually or potentially
exposed?

. How long is each exposure?

. How often does or w ill e xposur e to the envir onm ental con taminants take
place?

. What seasonal and climatic variat ions in conditions are lik ely to affect
exposur e?

. What are the site-specific ge ophy sical, phy sical, and ¢ hemical conditions

affecting e xposur e?

The parameters for which data are presented in the Ha  ndbook are int ended t o help a risk
assessor answer these quest ions. The popula tion pa rameter data (e.g., birth and death
rates) may be useful for plac ing estimates of risks to w ildlif e popula tions in a broade r

ecologic al context and for pla nning monitoring activities.

This Handbook focu ses on selected gr oups of mammals, birds, am phibians , and
reptiles. Fish and aquatic or terrestrial invertebrates were not inc luded in this effort. The
profile s on amphibians and r eptile s are, in general, less deve loped t han thos e for birds and
mammals. We emphasized birds and mammals because met  hods for assess ing t heir
exposur e are more common and w ell de veloped. As more assessments are done for
amphibians and r eptile s, we anticip ate that a dditiona | methods and suppor ting factors will
be necessary. Until then, we hope the infor mation pr esented here w ill e ncour age

assessors to be gin conside ring and quantif ying t heir exposur e.

For all exposure parameters and species in the Ha  ndbook , we try to present data
indi cative of the range of values that different ~ popula tions of a species may assume across
North America. For site-specific ec  ologic al risk assessments, it is important to note that

the values for exposure factors presented in this Ha ndbook may not accurately represent
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specific loc al popula tions . The species included int he Handbook h ave broad geogra phic
ranges, and they may ex hibit di fferent values for many of the exposure factors in different

por tions of their range . Some species exhibit geogr aphic var iation in body size , surviv al,
and r eproduc tion. Br eeding and migr ation also influenc e exposur e. Site-specific values

for these parameters can be determined more accurately us ing published s tudie s of loc al
popula tions and assistance from the U.S. Fish and W ildlif e Service, state departments of

fish and game, and orga nizations such as loc al Audubon S ociety chapters. In a ddition, The
Nature Cons ervancy de velops and m aintains wildlif e databases (inc luding endange red
species) in ¢ oope ration w ith all 5 O states. Local informat ion inc reases the certainty of a

risk assessment. Thus, for site-specific assessments, we str ongly reco mmend contacting

loc al wildlif e experts to d etermine the presence and characteristics of species of concern.

Finally , we do not int end to imply that risk assessments for w ildlif e should be
restricted to the species described in this Ha  ndbook , or should a Iways be ¢ onducted for
these species. We emphasize that locally important or rare species not inc luded in this
Handbook may still be very impor tant for si te-specific risk assessments. To assist users
who wish to evaluate other species, we list general references for birds, mammals,
reptile s, and amphibians in Nor th Amer ica. The Handbook also provide s allo metric
equations to assist in extra polating e xposur e factors (e.g., water inge stion r ate, surface

area) to closely related species on the basis of body size .

1.2. ORGANIZATION OF THE HANDBOOK

The Handbook is organized into four  chapters. The remainde r of this chapter
provides an overview of the species and exposure factors inc luded in t he Handbook and
discusses the literature search strategy used to identify factors. Chapter 2 presents
exposure profiles for the selected species (described in greater detail below). Chapter 3
provides allometric models that may be used to estimate f ood and water inge stion r ates,
inhala tion r ates, surface areas, and meta bolic r ates for w ildlif e species on t he basis of
body size . Chapter 4 describes common equat ions us ed to estimate w ildlif e exposur e to

envir onm ental cont aminant s. Included a re methods for estimat ing di et-specific f ood
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inge stion r ates on the basis of meta bolic r ate and for estimat ing e xposur e to chemicals in

soil and s edim ent.

Chapter 2 is the core of the Handbook ; it pr esents exposure profiles for selected
birds (Sect ion 2.1), mammals (Sect ion 2.2), and reptile s and a mphibians (Section 2.3),
along w ith brie f descript ions of their natural his tory. Each species profile includes an
introduc tion t o the species’ general taxonomic group, quali tative descript ion of the
species, list of similar species, table of exposure factors, and reference list (which also
covers that species' sect ion in Volum e Il, the Appendix ). The value s includedint he
exposure factors tables are a subset of those we f  ound in t he lit erature and a Iso include
values that we estimated us ing t he allo metric equat ions pr esented in Chapter 3. We
selected values for the tables in Chapter 2 based on a variety of factors inc luding sample
size, quantific ation of var iabilit y (e.g., standard deviations , standard errors, ranges),
relevance of the measurement tec hnigque for exposur e assessment, and coverage of
habitats, subspecies, and the varia bilit y seen in the literature. A complete list ing of the
parameter values identified in our literature survey is provided in the Appe ndix. The
Appendix also include s more details conc erning sample size , methods , and qualif ying
infor mation t han the species profile s. Users are encour aged to consult the A ppendix to

select the most appropriate values for their particular assessment.
The remainde r of this int roduc tory chapter d escribes the species and exposure

factors covered in the Ha ndbook in gr eater detail. The literature search strategy is

discussed in Sect ion 1.6.

1.3. LIST OF SELECTED SPECIES

Wildlif e species were sel ected for the Ha ndbook to provide several types of

coverage:
. Major taxonomic groups (major vertebrate gr oups, orders, and families);
. A range of diets (e.g., piscivore, pr  obing in sectivore) likely to result in

contact with contaminated environmental media;
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. A variety of habitat types (e.g., fields, marshes, woodlands, coastal areas);
and

. Small to large body sizes.

Other attributes also were considered when selecting species for the Handbook,

including:
. Species with wide geographic distribution within the United States (or
replaced regionally by similar species);
. Species of concern to EPA or other regulatory agencies (managed by state or
Federal agencies); and
. Species of societal significance (familiar or of concern to most people).

Tables 1-1, 1-2, and 1-3 list the birds, mammals, and reptiles and amphibians,
respectively, included in the Handbook. The species are listed according to diet, general

foraging habitat, and relative body size.

The species included in this Handbook were necessarily limited; however, we do
not recommend limiting wildlife exposure assessments to the species or similar species
identified in the Handbook. Instead, the Handbook should be used as a framework to
guide development of exposure factors and assessments for species of concern in a risk
assessment. Species selection criteria for site-specific risk assessments might include the

following considerations:

. Species that play important roles in community structure or function (e.g.,
top predators or major herbivores);

] Diet, habitat preferences, and behaviors that make the species likely to
contact the stressor;

L Species from different taxa that might exhibit different toxic effects from
contaminants;

. Local species that are of concern to Federal and state regulatory agencies

(e.g., endangered and threatened species);
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Table 1-1. Characteristics of Selected Birds

Diet General Foraging Habit at Body Size Selected Bird Species
Insectivore
probing/ soil-dw elling inv ertebrates woodlands , marshes medium American woodcoc k
gle aning/in sects marshes small marsh wren
Herbivor e
gleaning/ seeds woodlands , fields and brus h medium nor ther n bobwhit e
grazing/ shoot s open fields large Canada goos e
Omnivor e open woodland, suburbs small American r obin
Carnivore ° open fields, forest edge medium American kestrel
most open a reas medium red-tailed ha wk
Carnivore/Piscivore/Scavenger
small birds & mammals/fish/dead fish open water bodie s large bald e agle
fish/invertebrates/small birds/garbage Great Lakes and coastal medium herring gull
Piscivore © most streams, rivers, small medium belted kingfishe r
lakes
most freshwater and saltwater large great blue he ron
bodie s
large water bodie s large ospr ey
Aquatic Insectivore °
probing/ soil-dw elling inv ertebr ates most rivers and streams small spotted sa ndpipe r
diving/ aquatic inv ertebr ates oceans and coastal areas medium lesser scaup
Aguatic Herbivore/Insectivore most wetlands, ponds medium mallard

4ncludes consumpt ion of insects, other ar thropods, wor ms, and other terrestrial invertebrates.
PIncludes consumpt ion of terrestrial vertebrates and | arge invertebrates.

‘Includes consumpt ion of fish, amphibians, crustaceans, and other larger aquatic animals.
YIncludes consumpt ion of aquat ic invertebrates and amphibian | arvae by gleaning or probing.
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Table 1-2. Characteristics of Selected Mammals

Selected
Diet General Foraging Habit at Body Size Mammal Species

Insectivore ?
gleaning/ surface-dwe lling inv ertebr ates most habitat types small short-tailed shrew
Herbivor e
gleaning/ seeds most dry-land habitats small deer mouse
grazing or brow sing/ shoot s, roots, or grassy fields, marshes, bogs small meadow vole
leaves prairie grass comm unitie s small prairie vole

most habitat types medium eastern cottontalil
Omnivor e woodlands , suburbs medium raccoon

mixed woodlands and ope n medium red fox

areas
Carnivore ° most areas near water medium mink
Piscivore © rivers medium river otter

coastal, estuaries, lakes medium harbor seal
Aquatic Herbivore most aquatic habitats medium muskrat

4ncludes consumpt ion of insects, other ar thropods, wor ms, and other terrestrial invertebrates.

PIncludes consumpt ion of aquat ic and terrestrial vertebrates and | arge invertebrates.

Includes consumpt ion of fish, amphibians, crustaceans,

mollu scs, and other larg e aquatic animals.
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Table 1-3. Characteristics of Selected Reptiles and Am

phibians

General Foraging Habit at

Selected Reptile or

Adult Die t for Adults Body Size Amphibian S pecies
REPTILES
Terrestrial Carnivore 2 open w oods, fields and brus h medium racer
Aquatic Piscivore ° most types of water bodie s medium nor thern water snake
Omnivore open fields, forest edge, medium eastern box turtle
marshes
most freshwater bodie s large shapping t urtle
Aquatic Herbivore most wetlands, ponds medium paint ed turtle
AMPHIBIANS
Insectivore © shallow freshwater bodie s small green frog
Aquatic Piscivore/Insectivore ¢ lakes, ponds, bogs, streams medium bullf rog
small lakes, ponds, streams small eastern newt

dncludes consumpt ion of terrestrial vertebrates and i nvertebrates, insects, other ar thropods, wor ms, and other terrestrial invertebrates.

PIncludes consumpt ion of fish, amphibians, and crustaceans.
‘Includes consumpt ion of insects, other ar thropods, wor ms, and other terrestrial invertebrates.

YIncludes consumpt ion of fish, amphibians, crustaceans,

mollu scs, other aquat ic animals, and t errestrial insects and other invertebrates.




. Species of societal s ignific ance or conc ern (e.g., game species, fam iliar
species); and
. Species that have been shown to be particularly sensitive to the stressor

being a ddr essed.

When species of concern for a risk assessmentinc  lude sp ecies for which d ata are
presented in this Ha ndbook , it can serve as a readily available source of data for

screening- level exposure analyses.

1.4. LIST OF EXPOSURE FACTORS

Three routes of exposure may be of concern for w ildlif e in the vicinit y of
contaminated surface waters and terrestrial habitats: oral, inhala tion, and dermal. Oral
exposur es might oc cur via ing estion of con taminated f ood (e.g., aquatic pr ey) or water or
incident al inge stion of con taminated media (e.g., s oils, sedim ents) dur ing f oraging or othe r
activities. Inhalation of g ases or particulates m ight be a signific ant r oute of exposur e for
some anim als. Dermal exposur es are lik ely to be most signific ant for burrowing mammals
(i.e., via contact with contaminated s  oils ) and anim als that spend conside rable amount s of
time submerged in surface waters. This Ha ndbook tabul ates selected data for all three
routes of exposure (Table 1-4), emphas izing or al exposur es. It also provide s quant itative
infor mation on popula tion pa rameters and qualitative informat ion r elated to seasonal

activities, geogra phic range s, habitats, and other life-history characteristics.

The exposure factors presented in the Ha ndbook are conc eptually separ ated into
four types: normalizing factors (Sect ion 1.4.1), contact rates (Sect ion 1.4.2), popula tion
dynamics (Sect ion 1.4.3), and seasonal activities (Sect ion 1.4.4). Section 1.5 describes the

format in which values for these exposure factors are presented in Chapter 2.
1.4.1. Normalizing Factors

Normalizing factors inc lude body weight , grow th r ate, and meta bolic r ate, which are

discussed in turn below.
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Table 1-4. Wildlife Exposure Factors Included in the Handbook

Parameter Type

Exposure Route/
Factor Category

Factor

NORMALIZING FACTORS

Body Weight

body weight

growth rate

Metabolic Rate

metabolic rate

CONTACT RATES

Oral

food ingestion rate

dietary composition

water ingestion rate

soil/sediment intake
rate

Inhalation

inhalation rate

Dermal

surface area

POPULATION DYNAMICS

Distribution (by life
stage and season)

social organization

home range size

population density

Birth, Maturation, and
Death Rates

annual fecundity

age at sexual maturity

annual mortality rates

average longevity

SEASONAL ACTIVITIES

Timing of Activities
(those that can modify
habitat preferences and
exposure)

mating season

parturition/hatching

molt/metamorphosis

dispersal/migration/
hibernation




1.4.1.1. Body Weight

Body weight s (in unit s of mass) are reported as fresh we ight as might be obt ained
by weighing a liv e animal in the field. Several of the contact rate parameters are
nor malized t o body weight . For example, both f ood and water inge stion r ates are reported
on a per body weight ba sis (e. g., gram of fresh food or water per gram of fresh  body weight
per day). Us ing e mpiric al models , body weight d ata also were used to estimate contact

rate parameters for which we ¢ ould not find measured values.

Adult body weight s are li sted for all species. For birds, we also provide egg we ight,
weight at hatching, nestling or chic k weight s, and w eight at fledging, when available , to
assist risk assessors concerned with estimat  ing e xposur es of embryos and young birds
For mammals, we also provide gestat ing female we ight, birth weight , pup w eight s at
various ages, weight at weaning, and weight at sexual maturity, when available, for a
simila r purpos e. Finally , for reptile s and amphibians , we also provide egg w eight, larval or
juv enile weight s with age, and w eight at metamor phosis , if available and applic able. Body
size for reptile s and amphibians is 0 ften reported as body length in stead of body weight ,
so we also provide data on body length and t he relationship b etween body length and body

weight , when available .

1.4.1.2. Growth Rate

Young anim als gene rally consum e more food ( per unit body weight ) than adult s
because they grow and deve lop rapidly . Growth rates change as animals mature, whether
expressed as absolute (g/day) or relative (percent body weight ) terms. Weight gain is rapid
after birth, but slows over time. Different types of animals ex hibit di fferent patterns of
grow th over time. Plot s of body weight versus age for some anim  al groups are sigmoida |
whereas others may approximate logis tic func tions or othe r shapes. As a result |,
investigators often report growth rates as var  ious con stants associated with particular
mathematical models (e.g., Gompertz equat ion, von Be rtalan ffy equat ion; see Peters, 1983)
that fit the growth pattern for a given species. Instead of present ing a vari ety of growth

constants and models, however, we report growth rates for y oung anim als, when available ,
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in grams per day for specific age gr oups. Growth rates also can be inferred from a series
of juv enile body weight s with age. Th ese measures are inc luded unde r body weight (see
Section 1.4.1.1).

1.4.1.3. Metabolic Rate

Metabolic r ate is reported on the basis of k iloc alorie s per day nor malized t o body
weight (e. g., kcal/lkg-day). If meta bolic r ate was measured and reported on the basis of
oxygen consumption only , we provide thos e values as lit ers O,/kg-day. Normalized
metabolic r ates based on kilocalories can be used to estimate norma lized food ing estion
rates (see Sect ion 4.1.2). Metabolic r ates based on oxygen consumpt ion c an be used to
estimate meta bolic r ates based on kilocalories for subsequent use in estimat ing food

inge stion r ates (see Section 3.6.3.1).

1.4.2. Contact Rate Factors

Table 1-5 summarizes the six contact rate factors inc luded f or the or al, inhala tion,

and dermal routes of exposure.

1.4.2.1. Oral Route

Three envir onm ental media are the prim ary cont ributor s to wildlif e exposur e by the
oral route: food, water, and s oils and s ediments. Four contact rate exposure parameters

related to these three exposure media are discussed below.

1.4.2.1.1. Food ing estion rates . Food ing estion r ates are expressed in this
Handbook as gr ams of f ood (wet weight) per gram of body weight (wet weight) per day
(g/g-day). Food ing estion r ates can vary by age, size, and sex and by seasonal changes in
ambient temperature, activity levels, reproductive activities, and the type of diet consumed.
Food ing estion r ates have not been measured for many w ildlif e species. Methods for
estimat ing food ing estion r ates on the basis of free-liv ing (or field) metabolic r ate, energy

content of the diet, and assimilat ion efficiency are discussed in Sect ion 4.1.2.
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Table 1-5. Wildlif e Contact Rate Exposure Factors

Exposur e
Route Medium Factor Expression Units
ORAL Food ing estion r ate fraction body 6 g/g-day
weight
dietary fraction of total
composition intake
represented by
each food type
Water inge stion r ate fraction body g/g-day
weight
Soil/ Sedim ent intake rate fract ion of total g/g-day
food intake
INHALATION Vapor or inhala tion r ate daily volum e m?/day
Particulates
DERMAL Water or surface area total area cm?
Soil/ Sedim ent potentially
exposed ?

®Total unprotected or per meable surface area that might be exposed under som e circumstances ( e.g., dust
bathing), even though i t would not be exposed under other condi  tions (e.g., swimming with a trapped air
layer between the feather s or fur and skin) .

1.4.2.1.2. Dietary composition . Dietary composit ion v aries seasonally and by age,

size, reproductive status, and habitat. Dietary composit ion (e.g., propor tion of die t
consis ting of var ious plant or anim al materials), often measured by stomach-content
analyses, is expressed whenever poss ible as pe rcentage of total intake on a wet-we ight
basis. T his conv ention facilitates comparison with contaminant concentrat ions in di etary
items reported on a wet-we ight ba sis. Methods for conv erting othe r measures of dietary
composition ( e.g., percentage of total prey items captured, pr opor tion of intake on a dry-
weight ba sis) to estimates of dietary intake on a wet-we ight ba sis are provided in  Section
4.1.2.

1.4.2.1.3. Water ingestion rates.  For drinking-water exposures, inge stion r ates are
expressed in this Ha ndbook as gr ams of water per gram of wet body weight pe r day (g/g-

day). Water consumpt ion r ates depend on body weight , phy siologic al adaptations ,
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diet, temperature, and activity levels. It is important to remember that, unde r some
conditions , some species can meet their water re quir ements with only the water contained

in the diet and meta bolic water pr oduc tion (see Section 3.2).

1.4.2.1.4. Incidental soil and sediment intakes. Wildlif e can incident ally inge st
soils or sedim ents while foraging or during othe r activities such as dust bat hing a nd
preening or grooming. Data quantify ing soil and s edim ent ing estion a re limit ed; we

present available values for selected species in Sect  ion 4.1.3.

1.4.2.2. Inhalation Route

Average daily inhala tion r ates are reported in the Ha ndbook in unit s of m®/day.
Inhalation r ates vary with size, seasonal activity levels, ambient temperature, and daily
activities. EPA's current approach to calculat  ing inhala tion e xposur es requir es additiona |
infor mation on s pecies' respir atory phy siology to fully estimate inhala tion e xposur es (see
Section 4.1.4).

1.4.2.3. Dermal Route

Dermal contact with contaminated s  oil, sedim ent, or water is likely to be an
exposure pathway for some w ildlif e species. An anim al's sur face area c ould be us ed to
estimate the potential for uptake of contaminants thr ough it s skin. For some exposur es
(e.g., dust bathing) , the entire sur face area of the animal m ight be impor tant. For othe r
types (e. g., swimming) , only the uninsul ated port ions (e. g., no fur or feathers that create a
trapped air layer) of the animal m ight con tact the contaminated me dium. In the Handbook ,
we provide measures or estimates of the entire potentially exposed surface area of an
animal, when possible. We have not attempted to determine what port ions would be

exposed and protected for swimm ing anim als.
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1.4.3. Population Dynamics

Several parameters can be used to describe the spatial distr ibution and abundanc e
of a popula tion of anim als in r elation t o the spatial extent of contaminat ion. Three
parameters related to spatial distr  ibution a re social organiza tion, ho me-range size, and
popula tion densit y. These are important for estimat ing t he numbe r of individuals or
propor tion of a popula tion t hat might be expos ed to a con taminated area. Parameters
related to popula tion size and pe rsistence inc lude age at sexual maturity and maturat ion,
mortalit y, and annua | fecundit y rates. These parameters may be useful to assessors

planning or evaluating f ield s tudie s or monitoring progr ams.

1.4.3.1. Social Organization

The Handbook include s a quali tative descript ion of each species' social
organiza tion, which influe nces how animals of var ious ages and size s are dis tribut ed in
space. In some species, individual hom e ranges do not ov erlap. In othe rs, all individuals
use the same home range. In between these extremes, home ranges can be shared with

mates, offspr ing, or extended family gr oups.

Social organiza tion ¢ an vary sub stantially am ong s pecies that appe ar otherwis e
simila r; therefore, itis not pos sible to extra polate the social orga nization of simila r species
from the selected species in this Ha ndbook . Consult the gene ral bibliogr aphie s for
infor mation sour ces to determine the social orga nization of species not covered inthe

Handbook .

1.4.3.2. Home Range/Territ ory Size/F oraging Radius

Home range size can be used to determine the pr  opor tion of time that an individua |
animal is expected to contact contaminated environmental media. Home range is defined
as the geogr aphic area encomp assed by an animal's activities (except migrat  ion) ov er a
specified time. W hile hom e range value s often are expressed in units of area, for species

dependent on riparian or coastal habitats, a more mea  ningful measure can be fora ging
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radius , or the di stances the animals are w illing t o travel to potential f ood sour ces. Alt hough
home ranges may be r oughly circula r in homogeneous habi tats, it is important to

remember that depe nding on habi tat needs and c onditions , home range s may be irre gular
in shape. The size and spatial attributes of a home range often are defined by fora ging
activities, but also m ight depend ont he lo cation of specific resour ces such as dens or nest
sites in other areas. An animal m ight not visit all a reas of its home range every day or

even every week, but over longe r time pe riods, it can be exp ected to visit most of the areas
within t he hom e range that cont ain ne eded resour ces such as forage, prey, or protected

resting a reas.

Home range size for individuals within a popula tion ¢ an vary with season, latitude,
or altitude as a cons equenc e of change s in t he dis tribution and abundanc e of food or othe r
resources. It generally varies with animal  body size and a ge because of differences in the
dis tribution of pr eferred forage or prey. It can also depend on habitat quality, increas ing as
habitat quality decreases to a ¢ ondition be yond which t he habitat does not sustain even
sparse popula tions . Finally , home range s can vary by sex and season. For example, if a
female is res ponsible for most or  all of the feeding of young, he r foraging r ange might be
restricted to an area close to her nest or den when she has dependent y oung, wher eas the

foraging r ange of males would not be so restricted.

Nonterritorial species may a llow signific ant ov erlap of activity areas among
neighboring individuals or groups . For example, several individuals or mated pairs may
share the same area, alt hough signalling beha vior s may ensure temporal segregat ion. For
these species, we report a home range size or fora  ging r adius . Other species are str ongly
territorial and defend mutually exclusive areas: individuals , breeding pair s, or family unit s
actively advertise identifiable  bounda ries and exclude neighboring individuals or groups
Foraging activities are usually restricted to the defended territories. For these species, we
repor t the size of the de fended t erritory and not e whether foraging oc curs out side of the

territory.
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1.4.3.3. Popul ation Density

Popula tion densit y (the numbe r of anim als per unit ar ea) influences how many
individuals (or what propor tion of a loc al popula tion) might be expos ed within a
contaminated area. For str ongly territorial species, popula tion densit y can be inf erred
from territory size in many cases. For species with overla pping hom e ranges, particula rly
colonially br eeding anim als (e.g., most seabirds ), popula tion densit y cannot be inf erred

from hom e range size .

1.4.3.4. Annual Fecundi ty

Attributes related to the number of offspr  ing produc ed each year that reach sexual
maturity (a nnual fecundi ty) are measured in different ways depe nding ont he lif e history of
the species. For birds, data are generally available for clutch size, number of clutches per
year, nest success (generally reflect ing pr edation pr essure), number of y oung f ledged pe r
successful nest (generally reflect ing food availabili ty), and number of y oung f ledged pe r
active nest (reflect ing all c auses of mortality). For mammals, litter size inw ild popula tions
often is determined by placental scars or embryo ¢ ount s, and t he numbe r of young
surviving t o weaning is seldom known. For reptile s that la y eggs, clut ch size and pe rcent
hatching ¢ an be measured in the field. For viviparous reptiles, we report the number born
in a litter. For amphibians , egg masses may inc lude thous ands of eggs , but th ese are

seldom count ed.

1.4.3.5. Annual Mor tality and Longe vity

Longe vity can influenc e the pot ential for cumula tive de leterious effects and the
appropriate avera ging times for chr onic exposur es. For birds , annual adult mortalit y tends
to be constant. For large mammalian species, however, a  nnual adult mortalit y tends to be
constant for several years, and then increases ra  pidly with age. For reptile s and
amphibians , annual adult mortalit y can decrease with age for some time as the animals

continue to grow la rger and be come | ess suscept ible to predation. Int he Handbook , we
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report annual m ortalit y rates by age category and typical or mean and maximum

longe vities, when possible .

1.4.4. Seasonal Activities

Many life-cycle attributes affect an animal's activity and fora ging p atterns in time
and space. For example, many species of birds are present in the northern hemisphere
only during t he warmer months or move seasonally between the northern and southern
parts of North America. Some species of mammals, reptiles, and am phibians hibe rnate or
spend a dor mant pe riod in a bur row or den during t he wint er months . The species profile s
describe these and other seasonal activity patterns that can influence exposure frequency

and dur ation.
For each species, we summarize informat ion on t he seasonal occurrence of several
activities inc luding br eeding, molting, migr ation, dispe rsal, and oc currenc e of

dor mancy/ denning ( if applic able). Deposition and utiliza tion of fat reserves are discussed

where infor mation is available. Trends in these factors with latitude are identified.

1.5. DATA PRESENTATION FORMAT

Species-specific values for the exposure factors are presented in Chapter 2.

Quantitative data for each species are presented in tables arranged in four main sect ions :
. Normalizing and Con tact Rate Factors;
. Dietary Composit ion;
. Popula tion Dyna mics; and
. Seasonal Activities.

The parameter values and units used for each exposure factor are described in the
remainde r of this section. Int he species profile s and int he Appendix , all values are

identified as measured or estimated, and references are provided.
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1.5.1. Normalizing and Contact Rate Factors

Normalizing and con tact rate factors are presented under the he ading "F actors" in
Chapter 2. Several of them a pply to all anim als included in t he Handbook , wher eas some
apply only to specific groups , as described in Sect ions 1.5.1.1 thr ough 1.5.1.4. The colum n

headers for these factors are explained in Table 1-6.

Table 1-6. Column He aders for Table s of Nor malizing and Con tact Rate Factors

Age/Sex/ Age (e.g., Afor a dult, J for juvenile)

Cond./Seas. Sex (e.g., M for male, F for female)
Condition ( e.g., | for incuba ting, NB f or nonbr eeding)
Season (e.g., SP for spr ing, SU for summer).

[Note: Only infor mation ne eded to corr ectly interpret the value is
included. ]

Mean Mean value for popula tion sampled £+ standard deviation ( SD), if
reported. If SD is not reported, mean value for  popula tion sampled +
standard error (SE) of the mean, if reported. For some studies, a
range of typical values may be presented instead of a mean value
(check the notes).

Range or Range of value s repor ted for the popula tion sampled, or
(95% CI of (95th percent confidence interval of the mean value).

Mean)

Location State(s) or province(s) in which the study was ¢ onducted

(subspe cies) (subspe cies studied, if repor ted).
Reference Reference for study.

Note No. Footnot e numberr.

1.5.1.1. All Anim als
Body weight (gr ams or Measured values only. Although w e use the term

kilogr ams) weight, all data are presented in units of mass. The age
and sex of the animal are specified as appropriate, and
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Metabolic r ate (liters O ,/kg-day)

Metabolic r ate (kcal/kg-day)

Food ing estion r ate (g/g-day)

Water inge stion r ate (g/g-day)

Sedim ent/soil ing estion r ate

Inhalation r ate (m?®day)

Surface area (cm ?)

1.5.1.2. Birds
Egg w eight (grams)

Weight at hatching ( grams)

weights may inc lude age-we ight ser ies for young
animals.

Included only if measured values were available. These
data can be used to estimate meta bolic r ate on a kcal
basis.

Measured or estimated basal and free-liv  ing (or field)
metabolic r ates. Most of the free-liv ing v alues were
estimated from body weight using a n appropria te
allometric equat ion.

Measured on a wet-we ight ba sis. For birds and
mammals, values measured in captivity are generally

lower than for free-ra nging anim als. For reptile s and
amphibians , food ing estion r ates can be higher in
captivity than in the field. Food ing estion r ates can also
be different in captivity than in the w ild if the die t differs
substantially from that consumed inthe w  ild (e.g., dry
laboratory chow has a substantially lower water content
than most natural diets).

Most of these values were estimated from  body weight
using a n allo metric equat ion.

These values are not presented in the individual s pecies
profiles in Chapter 2; instead, the limited data available

for soil/ sedim ent ing estion r ates (as percent s oil or
sedim ent in die t on a dr y weight ba sis) for selected
species are presented in Sect ion 4.1.3.

Note that this value is not norma lized t o body weight |,
but is the total volum e inhale d each day. Most values
were estimated from body weight using a n appropria te
allometric equat ion.

Most values were estimated from  body weight usinga n
appropriate allometric equat ion.

Included only if measured values were available.

Included only if measured values were available.
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Chick or ne stling grow th
rate (g/day)

Weight at fledging ( grams)

1.5.1.3. Mammals
Neonate we ight (grams)

Pup growth rate (g/day)

Weight at weaning ( grams)

1.5.1.4. Reptiles and Amphibians

Body lengt h (mm)

Egg w eight (grams)
Weight at hatching ( grams)

Juvenile grow th rate (g/day)

Tadpole weight (gr ams)

Larval or eft we ight (gr ams)

Included only if measured values were available. The
ages to which the growth rate a pplie s are indi cated.

Included only if measured values were available.

Included only if measured values were available.

Included only if measured values were available. The
ages to which the growth rate a pplie s are indi cated.

Included only if measured values were available.

Length is the most common measure of size and growth
rate reported for reptiles and am phibians . Body length-
weight rela tionships are repor ted when ever poss ible.
Data for snakes inc lude snou t-to-vent lengths (SVL) and
total lengths ; for fr ogs, SVLs only ; and f or turtle s,
carapace (dorsal shell) and plastron (ventral shell)

lengths .

Included only if measured values were available.
Included only if measured values were available.

Included only if measured values were available. The
ages to which the growth rate a pplie s are indi cated.

For frogs only ; included only if measured values were
available .

For newts only ; included only if measured values were
available .
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1.5.2. Dietary Composition

1.5.2.1. All Anim als

The diet of all animals is separated by season whenever poss ible. Up to three
months of data were com bined f or each of the four seasons, provided the animals were in
the same locat ion and habi tat dur ing t he 3-month pe riod (Table 1-7). The diet com ponent s
are listed in the first c olumn s haded in grey. The measure of dietary composit ion is
enclosed in parentheses under the "Lo cation ( subspe cies)/Habitat (measure)” ¢ olum n

header.

Table 1-7. Column He aders for Table s on Dietary Composition

Dietary Composition List of f ood t ypes.

Spring Dietary composit ion during s pring (March, Apr il, May).

Summer Dietary composit ion during s ummer (June, July, August).

Fall Dietary composit ion during f all (September, October,
November).

Winter Dietary composit ion during wint er (December, January,
February).

Location State(s) or Canadian province(s) in which study was

(subspecies)/ conducted (subspecies st udied, if repor ted).

Habitat Type of habitat associated with the reported values

(measure) (measure used to quantify dietary composit  ion).

Reference Reference for study.

Note No. Footnot e numbe r.

Dietary composit ion c an be expr essed in many ways. Inthe Appe ndix, we have
presented all measures of dietary composit  ion e ncount ered in the lit erature review. Inthe
species profiles in Chapter 2, we have emphasized dietary composit ion measured as the

percentage of the total food in take of each f ood type on a wet-weight ba sis. Th ese data
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are usually determined by analysis of stomach or other digestive tract contents. For

entries based on these measures, the total of the values listed under each seasonal
column should approx imate 100 percent. As Chapter 4 indi cates, it is relatively simple to
estimate contaminant intakes when dietary composit ion is measured on a wet-we ight
basis. Dietary composit ion may also be measured on a dry-we ight ba sis; infor mation on
the relative water content of the different dietary items provided in Chapter 4 can be used

to convert dry-we ight compositiont o wet-we ight composition if ne eded. Dietary
composition is 0 ften reported as frequency of occurrence in digestive tract contents,

scats, or regurgitated pellets. For these measures, the total of the values in the seasonal
columns can exceed 100 (e.qg., fish occurred in 90 percent of scats, am  phibia in 7 5 percent
of scats, and m ollu scs in 15 percent of scats). We do not provide  guidanc e on how to
estimate contaminant intakes based on these measures; however, st udie s using t hese

measures can indi cate seasonal and geogra phic di fferences in diet.

1.5.3. Population Dynamics

Distribution and m ortalit y parameters can be defined similarly for birds, mammals,
reptile s, and amphibians (Section 1.5.3.1). Reproduc tive pa rameters, however, differ
among t hese groups (Sections 1.5.3.2 thr ough 1.5.3.5). The column he aders for popula tion
dynamics are described in Table 1-8.
1.56.3.1. All Anim als

Home range size (ha)/ Area usually listed in hectares, ra dius in kilo meters. The home
Territory size (ha)/ range for species such as mink or  kingfishe rs, which s pend
Foraging r adius (m) most of their time along shor eline ar eas, is sometimes

described as kilometers of shore line. For some species with
extremely small bree ding t erritories, we us ed m? instead of
hectares. For c olonially nesting birds , foraging r adii are listed
in kilometers. For frogs, we f ound infor mation only on m ale
breeding t erritory size , which doe s not include the foraging
range of either sex.

Popula tion densit y Usually li sted as number (N) of individuals pe r hectare,

(N/ha) although numbe rs of br eeding pair s or nests per hectare are
used for some species.
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Table 1-8. Column He aders for Table s of Factors for P opula tion Dyna mics

Age/Sex/ Age (e.g., Afor a dult, J for juvenile)

Cond./Seas. Sex (e.g., M for male, F for female)
Condition ( e.g., | for incuba ting, NB f or nonbr eeding)
Season (e.g., SP for spr ing, SU for su mmer).

[Note: Only infor mation ne eded to corr ectly interpret the value is
included. ]

Mean Mean value for popula tion sampled £+ standard deviation ( SD), if
reported. If SD is not reported, mean value for  popula tion sampled +
standard error (SE) of the mean, if reported. For some studies, a
range of typical values may be presented instead of a mean.

Range Range of value s repor ted for the popula tion sampled.
Location State(s) or province(s) in which the study was ¢ onducted
(subspecies)/ (subspecies st udied, if repor ted).

Habitat Type of habitat associated with the reported values.

Reference Reference for study.

Note No. Footnot e numbe r.

Age at sexual maturity Age at which first successful repr  oduc tion oc curs. In many
long-liv ed species, only a por tion of the popula tion br eeds at
this age.

Annual m ortalit y rates Usually listed as percent per year. Can vary with age and sex
of the animal.

Longe vity Mean longe vity of adult members of the popula tion (doe s not

include juv enile mortali ty). When available, an estimate of
maximum longe vity is also provided ( usually fr om studie s of
captive individuals ).

1.5.3.2. Birds
Clutch size Number of eggs laid per active nest (usually the number laid

per female, but in some species, more than one female may lay
in a single nest).
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Clutches per year

Days incubation

Age at fledging

Number fledged per
active nest

Percent nests
successful
Number fledged per

successful nest

1.5.3.3. Mammals

Litter size

Litters per year

Days gestation

Pup growth rate

Age at weaning

Number of successful clutches laid per year. A dditiona |
clutches may be laid if a clutch is lost early in incubat ion.

Measured from day incubat ion starts (often after lay ing of la st
egg) to hatching.

Age at which young ¢ an maint ain s ustained flight . Parents
usually continue to feed or to accompany y oung f or some time
after fle dging.

Number fledged for each nest for which incubat  ion w as
init iated.

Percent of active nests hatc hing eggs .

Number fledged for each nest for which at leastoney  oung
hatched.

Based on embryo counts whenever poss ible. Use of placental
scars can result in overestimat ion of li tter size and ¢ ount s of
live pups in dens can result in unde restimat ion of li tter size.

Number of litters born each year.

Days of active gestat ion. For species with delayed
implant ation, this pe riod c an be sub stantially shorter than the
period from mating t o birth.

Usually reported as grams per day dur ing a specified age
interval. May be reported instead as a series of weights for
pups of specified ages.

Age when the pups begint o leave the nest or den to actively
feed for most of their f ood.

1.5.3.4. Reptiles and Amphibians

Clutch or litter size

Number of eggs laid per female for egg-lay ing s pecies; numbe r
of live offspr ing born f or species be aring liv e young ( e.g., water
snake). Reported by age and size of the female when
appropriate.
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Clutches or litters
per year

Days incubation

Juvenile grow th rate

Length at sexual maturity

Number of clutches or litters produced each year. Not limited
to successful clutches because there is no parental care in
most temperate species.

Measured from lay ing of | ast egg to hatc hing. The dur ation of
incuba tion depends ont he temperature of the substrate into
which eggs are laid.

Usually repor ted as gr ams per day dur ing a specified age (or
size) interval. May be reported instead as a series of we  ights
for juvenile s of specified size s if thos e are the only da ta
available .

Length at which the first successful repr  oduc tion usually
occurs (see above). More comm only repor ted than weight or
age at sexual maturity.

1.5.4. Seasonal Activities

The meaning of most of the factors inc luded unde r seasonal activities are self-

evident . Thos e requiring additional e xplanation are described in Sect ions 1.5.4.1 thr ough

1.5.4.3. The column he aders for this section of the table are shown in T able 1-9.

Table 1-9. Column He aders for Table s on Seasonal Activities

Begin Month t hat the activity usually be gins.

Peak Mont h(s) that the activity peaks (most of the  popula tion is involv ed).
End Month t hat the activity usually ends.

Location State(s) or province(s) in which the study was ¢ onducted

(subspe cies) (subspe cies studied, if repor ted).
Reference Reference for study.

Note No. Footnot e numberr.
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1.5.4.1. Birds

Mating/la ying

1.5.4.2. Mammals

Mating

Parturition

These two factors are com bined b ecause birds lay eggs within
a day or two of mating ( they begin mating a da y or two prior to
laying t he first egg) .

Although f or most mammals the mat ing season corres ponds to
conc eption and is follow ed immediately by gestat ion, some
species exhibit de layed implantat ion.

Birth of the pups (also known a s whelping f or canids ).

1.5.4.3. Reptiles and Amphibians

Mating

Nesting

Because fert ilization is external for many am phibians (i.e., most
toads and f rogs and s ome salamande rs), mating oc curs at the
same time as egg-lay ing f or th ese species. For reptiles,

fertiliza tion is int ernal, and for some species, sperm may be
stored for months or years f ollowing mating.

Because many female reptiles can store sperm, nest  ing (i.e.,
egg-laying) o ften occurs weeks or months after mat  ing.

1.5.5. Abbreviations Used in Tables

Age (life stage)

Z<«eTTnmO®@>

<-4

adult (for all groups )
both adults and juveniles/year lings (for all groups )
chick (for birds)

eft (for newts)

fledgling ( for birds)

hatchling ( for birds , reptile s, and a mphibians )
juv enile (for all groups )

nestling ( for birds)

or

neonate (for mammals, water snakes)
pup (for mammals)

tadpole (for fr ogs)

yearling ( for all groups )
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Sex

B both sexes
F female
M male
Units
time: energy:
d day cal calorie
wk week kcal  kiloc alorie
yr year
mass: area:
g gram ha hectare
kg kilogr am m? square meter
length: volum e:
mm  milli meter mi millilit er
cm centimeter I liter
m meter
km kilometer
temperature:
°C degrees Centigrade
Other

NS not stated

1.6. LITERATURE SEARCH STRATEGY

The profile s in this Handbook are int ended t o provide a readily available
compendium of repr esentative data for each selected species to assist in ¢ onduc ting
screening- level exposure assessments. They are not intended to provide complete
reviews of all available published and unpublished infor  mation or indepth biologic al
summaries. Moreover, the Ha ndbook is not int ended t o repl ace field guide s or na tural
history or animal physiology texts. We have attempted to balance generalities, accuracy,
and coverage of each species relative to the available literature to meet our stated
purposes. We describe the process by which we identified literature for the Ha ndbook

below .
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The U.S. Fish and Wildlif e Service (USFWS) Office of Informat ion T ransfer
condu cted the primary literature search for species-specific informat ion using t heir Wildlif e
Review/Fisheries Review database. The database is com piled by USFW S personnel f rom a
review of over 1,130 publi cation sour ces (largely journals , but also USFWS publi cations )
from the United States and other ¢ ountries, most da ting b ack to 1971. The search was
condu cted in May 1990 us ing c ommon and s cientific species n ames, but no further
restrict ions on search terms were a pplied. All titles identified f or each species were
reviewed to determine potential ut ility for the Handbook , and promising r eferences were
reviewed in f ull. Recent review articles, ha ndbook s, and natural his tory texts were used to
identify other relevant literature and literature from before 1971. Commercial databases
were not searched initially . Following pe er review of the Handbook in 1991 and 1992, all
references submitted or identified by peer reviewers were evaluated, and a dditiona |
relevant citat ions were obt ained f or review. Limit ed (1970 forward) literature searches for

some species were condu cted us ing c ommercial databases in 1992.

For infor mation conc erning phy siology , allo metric equat ions, energetics, and othe r
general topics, literature was identified on the basis of recent review articles or book s in

the field suggested by experts in the field and by peer reviewers.

Because of resource limitat ions, we have inc luded s ome value s from seconda ry
citations . In these cases, our intent was to caref ully record the original sour ce andto
clearly indi cate from which sec ondary sour ce it was obtained. Users are encouraged to

obtain the primary sources to verify these values.

We used certain f ield guide s cons istently thr oughout each tax onomic category to
provide greater compara bilit y of gene ral s pecies char acteristics. The use of a specific field

guide doe s not cons titute endor sement.

Because our literature search strategy may not have inc luded all journals of int erest
and did not cons istently cover other sources of informat  ion (e.g., book s, theses,
dissertat ions, state w ildlif e repor ts, conf erence pr oceedings ), we would appr eciate any

assistance that users m ight provide in identif ying additional sour ces of informat ion t hat
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would help t o fill d ata gaps or to improve the informat ion in t he Handbook . In particula r,
Ph.D. dissertat ions and master's theses often contain relevant but unpublishe d

infor mation.
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2. EXPOSURE FACTORS AND DESCRIPTIONS
OF SELECTED SPECIES

Chapter 2 includes exposure profiles for the selected species in three subsect ions :
birds (Sect ion 2.1), mammals (Sect ion 2.2), and r eptile s and amphibians (Section 2.3).
Each species profile f ollow s the same format, be ginning w ith an introduc tion t o the
taxonomic group t o which t he species belongs and a quali tative descript ion of relevant
aspects of the species' natural history. Next, a list of similar species is provided to help
identif y species that might share certain e  xposur e characteristics, alt hough t hey may have
different geogra phic range s, diets, and habitat preferences. Each species profile then
presents a series of tables present ing v alues for nor malizing and con tact rate factors,
dietary composit ion, popula tion dyna mics, and seasonal activity patterns that represent
the range of values that we identified in our literature review. Table format is described in
Section 1.5. Data on s oil and s edim ent ing estion a re limit ed; we pr esent these data in a
separate sect ion (4.1.3) for easy comparison am ong s pecies. Finally , each profile inc ludes

the references cited in the species profile and in the corres ponding Appendix table s.

2.1. BIRDS

Table 2-1 lists the bird species described in this sect ion. For range maps, r efer to
the general references identified in  individual s pecies profile s. The remainde r of this
section is organized by speciesint he order presented in Table 2-1. The availa bilit y of
published infor mation v aries sub stantially am ong s pecies, as is refl ected in the profiles.
Some species include two or more subspe cies; th ese are indi cated in the profiles when
reported by the investigators. For many st  udie s, the subspe cies, although not identified,
can be inferred f rom the study loc ation and geogr aphic range of the subspe cies. Average
lengths of birds are reported from museum study skins measured from bill tip t o tail tip.

Body weight is repor ted as fresh wet we ight with plum age, unless otherwise noted.
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Table 2-1. Birds Inc luded in t he Handbook

Order
Family Common name Scientific name Section
Ciconifor mes
Ardeidae great blue he ron Ardea herodias 211
Anseriformes
Anatida e Canada goos e Branta canadensis 2.1.2
mallard Anas platyrhynchos 213
lesser scaup Aythya affinis 214
Falconifor mes
Accipit ridae osprey Pandion haliaetus 215
red-tailed ha wk Buteo jamaicensis 2.1.6
bald e agle Haliaeetus leucocephalus 2.1.7
Falconida e American kestrel Falco sparverius 2.1.8
Gallifor mes
Phasianida e nor ther n bobwhit e Colin us virginia nus 2.1.9
Charadriifor mes
Scolopa cidae Amer ican woodcoc k Scolopax minor 2.1.10
spotted sa ndpipe r Actitis macularia 2.1.11
Laridae herring gull Larus argentatus 2.1.12
Coraciifor mes
Alcedinida e belted kingfishe r Ceryle alcyon 2.1.13
Passeriformes
Troglody tidae marsh wren Cistothorus palu stris 2.1.14
Muscicapida e American robin Turdus migratorius 2.1.15
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2.1.1. Great Blue Heron (herons)

Order Ciconiiformes , Family Ardeidae. Herons, egrets, and bitterns are me  dium to
large wading birds with  long n ecks and spear-like bills. Nearly all s pecies feed primarily on
aquatic animal life (e.g., fish, frogs, crayfish, insects) and are common a long t he mar gins
of most freshwater and saltwater  bodie s and wetlands (Kushlan, 1978). Their long legs ,
necks, and bills are adapted for wading in s hallow water and sta bbing pr ey. Most species
build t heir n ests in trees near their fora ging habi tat, and many nest ¢ olonially . Members of
this group r ange in size fr om the | east bittern (28 to 36 cm bill tip t o tail tip) to the gr eat
blue he ron (106 to 132 cm tall). The sexes are similar in size and appearance.

Selected species

The great blue heron (Ardea herodias) is the largest member of the gr oup in Nor th
America and feeds primarily on aquatic animals. It is widely distributed in both saltwater
and freshwater environments. There are four subspecies in the United States and Canada:
A. h. wardi (Kansas and Oklahoma across the Mississ  ippi Riv er to Florida ), A. h. herodias
(remainde r of the Nor th and Cent ral American range ), A. h. fannini (Pacific coast of North
America from Alaska to Was hington) , and A. h. occidentalis (extreme south of Florida)
(Bancroft, 1969, cited in Hancock and Kushlan, 1984). A. h. occidentalis (the great white
heron) is an all whit e color mor ph that was formerly considered a separate species
(National G eogr aphic Soci ety, 1987).

Body size. Males average s lightly h eavier in we ight than females (Hartman, 1961;
Palmer, 1962). Northern continental herons are somewhat smaller than those f oundint he
south (Palmer, 1962). Q uinney (1982) determined a relat ionship b etween age and body
weight for nestling gr eat blue herons (r =0.996, N = 16 nestlings , and 274 measurements):

BW =55.6 x A-47.4
where BW equals body weight in gr ams and A equals age in days.

Habitat. Great blue he rons inhabit a vari ety of freshwater and marine areas,
including f reshwater lakes and rivers, brackish marshes, la  goons , mangr oves, and coastal
wetlands, particularly where small fish are plentiful in sha llow ar eas (Spendelow and
Patton, 1988; Short and Cooper, 1985). They are often seen on tidal flats and sa ndbars and
occas ionally forage in wet meadows, pastures, and other terrestrial habitats (Palmer,
1962). Great blue herons tend t o nest in dense ¢ olonie s, or heronrie s. The lo cation of the
heronry is gene rally clos e to foraging grounds , and tall trees are preferred over shorter
trees or bushes for nest sites (Bent, 1926; Palmer, 1962; G  ibbs et al.,, 1987). They also may
nest on the gr ound, on r ock ledge s, or on sea cliffs (Palmer, 1962).

Food habi ts. Fish are the preferred prey, but great blues also eat am  phibians ,
reptiles, crustaceans, insects, birds, and mammals (Alexander, 1977; Bent, 1926; Hoffman,
1978; Kirkpatrick, 1940; Peifer, 1979). When fis hing, they mainly us e two foraging
technique s: standing s till and w aiting f or fish to swim within s triking di stance or
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slow wading t o catch more sedentary prey (such as f lounde r and s culpin) (Bent, 1926;
Willard, 1977). To fish, they re quir e shallow waters (up to 0.5 m) with a firm substrate

(Short and Coope r, 1985). Fish up to a bout 20 cm in length w ere dominantint he diet of
herons foraging in sout hwestern Lake Erie (Hoffman, 1978), and 95 percent of fish

consumed by great blue s in a Wisconsin popula tion w ere less than 25 cm in length
(Kirkpatrick, 1940). Great blues sometimes forage in wet meadows and pastures in pursuit

of lizards, small mammals, and large insects (Palmer, 1962; Peifer, 1979). In northern

areas, small mammals such as meadow voles may be an important part of the diet early in

the br eeding season, poss ibly b ecause some aquatic fora ging areas may st ill be pa rtially
frozen when the he rons arrive (Collazo, 1985). Consumption of la rger prey (fish, fr ogs,
rodents) is often f ollow ed by drink s of water (Hedeen, 1967); terrestrial prey such as voles
are usually dunked in water before they are swallowed (Peifer, 1979). A dult heronstendt o
deliver the same type and size of f ood t o their nestlings that they consum e themselves, but
they deliver it well digested fory  oung nestlings and | ess well digested as the nest lings
grow (Kushlan, 1978). Adults tend to feed s  olit arily, although t hey may feed in s ingle or
mixed species flocks where there are large concentrat ions of pr ey (Bayer, 1978; Krebs,
1974; Kushlan, 1978; W illard, 1977); fle dglings are frequently seen fora ging toge ther (Dow d
and Flake, 1985). Kushlan (1978) deve loped a regr ession equa tion r elating t he amount of
food ingested per day to  body weight for wading birds (N =  seven species):

log(FI) = 0.966 log(BW ) - 0.640
where Fl equals food ing estion in gr ams per day and BW equals body weight in gr ams.

Molt. Adults unde rgo a compl ete molt in the late summer and fall and a partial molt
of the contour feathers in the late winter and early spr ing (Bent, 1926). Young he rons
attain full adult plum age in t he summer/fall molt at the end of their second year (Bent,
1926).

Migration. In the northern part of its range, most great blues are migratory, some
moving t o the southe rn Atlantic and Gulf States to overwinter with the resident  popula tions
of herons (Bent, 1926; Palmer, 1962), others cont inuing ont o Cuba and Cent ral and Sout h
America (Hancock and Kushlan, 1984). Most migrat ing he rons | eave their bree ding
grounds by October or November and return between February and April (Bent, 1926).

Breeding activities and social organization . The male great blue he ron selects the
site for the br eeding t erritory, and n ests generally consist of a stick platform over 1 min
diameter (Palmer, 1962). Great blues often use a nest for more than 1 year, expa nding it
with each use (Palmer, 1962). Mean clutch sizes range from three to five (see table); in
general, clutch size tends to increase with latitude (Pratt, 1972). Only one br ood is rais ed
per year; however, if a clutch is destroyed, great blues may lay a replacement clutch,
usually with fewer eggs than the initial clut ch (Palmer, 1962; Pratt and Winkler, 1985). Both
parents incubate and feed they oung (Palmer, 1962; Hancock and Kushlan, 1984). During
the br eeding season, great blue s are monoga mous and colonial, with fr om a few to
hundr eds of pair s nesting int he same area or heronry (G ibbs et al., 1987). Colonie s may
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include othe r species, such as gr eat egrets or double-crested cormorants (Pratt and
Winkler, 1985; Mock et al., 1987).

Home range and resour ces. Breeding colonie s are gene rally clos e to foraging
grounds (Bent, 1926; Palmer, 1962; G ibbs et al., 1987). Mathisen and Richards (1978)
found t he distance between heronries and poss ible feeding a reas in Minne sota | akes to
range from O to 4.2 km, avera ging 1.8 km. Anothe r study found t hat most he ronrie s along
the Nor th Carolina co ast were located near inlets with large concentrat  ions of fish, an
average of 7 to 8 km away (Parnell and Soots, 1978, cited in Short and Cooper, 1985).
Fifteen to 20 km is the farthest great  blue he rons regula rly tr avel between fora ging a reas
and colonie s (Gibbs et al., 1987; Gibbs, 1991, Peifer, 1979). In the northern port ion of their
range, great blue he rons often build n ests in tall trees over dry land, whereas in the
southern part of their range, they usually nest in swamp trees, inc luding m angrov es
(Palmer, 1962). Each bree ding pair defends a small t erritory ar ound t he nest, the size of
which depends on local habitat and the birds' stage of repr oduc tion ( Hancock and Kushlan,
1984). Herons in some areas also defend fee ding t erritories (Peifer, 1979). In other areas,
great blue s appe ar to be oppor tunis tic forage rs, lacking s trict fidelit y to particula r feeding
sites (Dowd and Flake, 1985). A study in North Dakota f ound t hat he rons o ften returned to
the same general areas, but different  individuals o ften used the same areas at different
times (Dowd and Flake, 1985).

Popul ation dens ity. Because great blues nest ¢ olonially , local popula tion densit y
(i.e., colony densit y, colony size , and numbe r of coloni es) varies with the availa bilit y of
suit able ne sting habi tat as well as fora ging habi tat. On islands in coastal Maine, G ibbs and
others (1987) f ound a signific ant correla tion b etween c olony size and t he area of tidal a nd
intertidal wetlands wit hin 20 km of the colonie s, whic h was the longest distance herons in
the study colonie s traveled on fora ging trips. In western Ore gon, the size of he ronrie s was
found t o range fr om 32 to 161 active nests; the area enclosed by per ipheral nest trees
within t he colonie s ranged f rom 0.08 to 1.21 ha (Werschkul e tal., 1977).

Popul ation dyna mics. Most nestling los s is a result of starvat ion, although s ome
losses to predat ion do oc cur (Collazo, 1981; Hancock and Kushlan, 1984). In a study of 243
nests in a coastal California ¢ olony , 65 percent of the chi cks fledged, 20 percent starved, 7
percent were taken by predators, and 7 percent were lost to other causes (Pratt and
Winkler, 1985). Estimates of the number of y  oung f ledge d each year by bree ding pair s
range from 0.85 to 3.1 (Pratt, 1970; Pratt, 1972; McAloney, 1973; Pratt and Winkler, 1985;
Quinney, 1982). Based on ba nding s tudie s, about two-thirds of the fledglings do not
surviv e more than 1 year, althought hey may survive better in protected w ildlif e refuge s
(Bayer, 1981a). Values for later years indicate that a bout one-third to one-fifth of the 2-
year-old and olde r birds are los t each year (Bayer, 1981a; Henny, 1972; Owen, 1959).

Similar species (from general references)
. The great egret ( Casmerodius albus ) is almost the same size (96 cm length)
as the great blue heron and is found ov er a limit ed range in t he br eeding

season, inc luding a reas in the central and eastern United States and the east
and west coasts. It winters in coastal areas of the United States and in
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Mexico and farther south. The great egret's habitat preferences are similar
those of the great blue he ron.

The snowy egret ( Egretta thula ), one of the medium-sized herons (51 to 69
cm), shuffles its feet to stir up benthic aquatic prey. It is f ound m ostly in
freshwater and saltwater marshes but also sometimes f ollow s cattle and
other livestock as does the cattle egret. It breeds in parts of the western,
southeastern, and east coasts of the United States and winters a long bot h
coasts of the southern United States and farther south.

The cattle egret ( Bubul cus ibis ) is seen in agricultural pastures and fields,
where it follow s livestock to pick up insects disturbed by gra  zing. An Old
World species, it was introduced into South America and reached Florida in
the 1950's. It reached California by the 1960's and has been cont  inuingt o
expand its range.

The green-backed heron ( Butorides striatus ), one of the smalle r herons (41
to 56 cm), breeds over most of the United States except for the northwest

and southern midwest. It has a winter range similar to that of the snowy

egret and seems to prefer water bodie s with woodland ¢ over.

The tricolor ed heron ( Egretta tricolor ) (former ly known a s the Louisiana
heron) is common in salt marshes and mangrove swamps of the east and
gulf co asts, but it is rare inland.

The lit tle blue he ron ( Egretta caerulea ) is common in freshwater ponds,
lakes, and marshes and coastal saltwater wetlands of the Gulf Coast States.
Juvenile s are easily confus ed with juvenile snow y egrets. This species
hunt s by walking slowly ins hallow waters, and its diet typically includes fish,
amphibians , crayfish, and insects.

The black-crowned night he ron (Nycticorax nycticorax ), characterized by a
heavy body, short thic k neck, and short legs (64 cm), is a common heron of
freshwater swamps and tidal marshes, roost ing by da y in trees. It typically
feeds by night , predominantly on aqua tic species, fish, amphibians , and
insects. This heron is extremely widespread, occurring in Nor th and Sout h
America, Eurasia, and Africa. It breeds over much of the United States and
parts of central Canada and wint ers along both ¢ oasts of the United States
and farther south.

The yellow-crowned night he ron (Nyctanassa violacea ) (61 cm) is similar to
the black-crowned but is more restricted in its range to the southeastern

United States. It roosts in trees inwetw  oods , swamps, and low coastal
shrubs.

The American bittern ( Botaurus lentigin osus), anothe r of the medium -sized
herons (58 to 70 cm), is a relatively common but elusive inhabit ant of
freshwater and brackish marshes and reedy lakes. It is a solitary feeder,
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consuming f ish, cr ayfish, reptiles, am phibians , insects, and even small
mammals. Its bree ding r ange include s most of Canada andt he Unit ed
States, alt hough m uch of the southe rn United States is inhabit ed only during
the winter.

. The least bittern ( Ixobrychus exilis ), the smallest of the North American
herons (33 cm), also is an elusive inhabit ant of reedy ar eas. Its bree ding
range is restricted largely to the eastern half of the United States.

General references

Hancock and Kushlan (1984); Robbins et al. (1983); National G eogr aphic Society
(1987); Palmer (1962); Short and Cooper (1985).
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Great Blue Heron

(Ardea herodias)

Age/Sex/ Range or Note
Factor s Cond./Seas. Mean (95% CI of mean) Location Reference No.
Body Weight AB 2,229 £ 762 SD eastern Nor th America Quinney , 1982
)

AF 2,204 +337 SD NS Hartman, 1961 1

AM 2,576 +299 SD

yearlings 2,340 £490 SD 1,940 - 2,970 central Oregon Bayer, 1981b

juveniles 1,990 £ 550 SD 1,370 - 2,750

nestlings: Nova Scot ia, Canada McAloney , 1973

day 1 86

day 5 170

day 10 567

day 15 983

day 20 1,115

day 25 1,441

day 30 1,593

day 35 1,786

day 40 2,055
Metabolic Rate | A B basal 62 estimated 2
(kcal/kg-day)

A B free-living 165 (78 - 353) estimated 3
Food Ingest ion | AB 0.18 NS Kushlan, 1978 4
Rate (g/g-d ay)
Water AB 0.045 estimated 5
Ingestion Rate
(9/g-day)
Inhalation Rate | AB 0.76 estimated 6
(m%day)
Surface Area AB 1,711 estimated 7

(cm?)
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Great Blue Heron (Ardea herodias)

Locat ion/Habi tat Note
Dietary Compositio n Spring Summer Fall Winter (measure) Reference No.
trout 59 lower Mi chigan/lake Alexander , 1977
non-trout fish 39
crustaceans/amphibian 2 (% wet wei ght; stomach
5 content s)
trout 89 lower Mi chigan/river Alexander , 1977
non-trout fish 5
crustaceans 1 (% wet wei ght; stomach
amphibians 4 content s)
birds and m ammals 1
Atlantic silverside 3.6 Nova Scot ia/Boot Island Quinney, 1982
mummi chog 2.4
American eel 52.6 (% wet wei ght; items
Gaspereaux 29.9 regurgi tated by nest lings)
pollack 8.9
yellow perch 2.6
staghorn scul pin Vancouver , BC/coastal Krebs, 1974
small 27.8 island
medium 7.6
large 2.2 (% of fish observed caught ;
starry fl ounder small =less than 1/3 beak
smal | 15.0 length; medium = about 1/ 2
medium 8.1 beak length; large =longer
large 5.2 than beak; other includes
other shiner sea per ch and
smal | 30.6 penpoint gunnel s)
medium 3.5
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Great Blue Heron (Ardea herodias)

Population Age/Sex Note
Dynamics Cond./Seas. Mean Range Locat ion/Habi tat Reference No.
Size Feeding A B fall 0.6 £0.1 SD ha Oregon/ freshwat er marsh Bayer, 1978
Territory A B winter 8.4 +£5.4 SD ha Oregon/estuar y
Foraging A B sum mer 3.1km upto 24.4 km South Dakot alriver & Dowd & Flake, 1985
Distance f rom streams
Colony A B sum mer 7 t0 8 km North Carolin a/coastal Parnell & Soots, 1978 8
Populat ion summer North Dakota/rivers & Dowd & Flake, 1985
Density along st ream | 2.3 birds/km streams
along river 3.6 birds/km
summer 149 £53 SD Maine/coastal islands Gibbs et al., 1987
nests/ha
sum mer 461 nests/ha 447 - 475 Oregon/coastal island Werschkul et al., 1977

Clutch Si ze 3.16 £0.04 SE 1-5 California/coastal cany on Pratt & Winkler, 1985

4,17 £0.85 SD 3-6 Nova Scot iafisla nd McAloney , 1973

4.37 3-6 Pennsylvan ia/NS Miller, 1943 9
Clutches/Year 1 Pennsylvan ia; Oregon/NS Miller, 1943; English, 1978 10
Days 27.1 25-30 Nova Scot iafisla nd McAloney , 1973
Incubation

28 United States/NS Bent, 1926
Age at Fledging 45 Nova Scot ia/isla nd McAloney , 1973 11
(days) 60 NS/NS Hancock & Kushl an, 1984

49 to 56 Nova Scot ia/isla nd Quinney, 1982
Number Fledge 1.7 central California/coastal Pratt, 1972
per Pair 1.96 northwest Oregon/ river English, 1978

2.8 Nova Scot ia/isla nd Quinney, 1982
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Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habi tat Reference No.
Number 2.19+0.25SD 2-3 central California/coastal Pratt & Winkler, 1985
Fledge per 2.43 northwest Oregon/ river English, 1978
Successful 3.09 Nova Scot iafisla nd McAloney , 1973
Nest
Age at Sexual B 2 years NS Bent, 1926
Maturity
Annual during 1st yr 64 United States and Henny, 1972
Mortality Rates during 2ndyr 36 Canada/NS
(percent) during 3rdyr 22
Seasonal Note
Activity Begin Peak End Locat ion Reference No.
Matin g/Laying Nov. to Dec. April Florid a Howell, 1932 9
mid-Februar y mid-March June central California Pratt & Winkler, 1985
mid-March northw est Oregon English, 1978
late March early April Pennsylvan ia Miller, 1943 9
mid-Apr il early May late May Nova Scot ia McAloney , 1973
early May northw est Oregon English, 1978
mid-Apr il Idaho Collazo, 1981
mid-May mid-J uly Ohio Hoffman & Curnow , 1979
mid-Sept. late October northern US Palmer, 1962
mid-February mid-March western Oregon Werschku l etal., 1977
mid-March Wisconsi n; Minnesot a Bent, 1926
late March Nova Scot ia Bent, 1926

OO WNPE

As cited in Dunning, 1984.
Estimated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights f
Estimated using equat ion 3-37 (Nagy, 1987) and body weights f rom Quinney (1982).
Estimated from Kushl an's (1978) al lometric equation for wading bi rds, assum ing a body weight of 2,230 g.
Estimated using equat ion 3-15 (Calder and Braun, 1983) and body weights f
Estimated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Quinney (1982).

rom Quinney (1982).

Great Blue Heron (Ardea herodias)

rom Quinney (1982).
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10
11

Estimated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Wals berg and King, 1978) and body weights f
(1982).

Cited in Short and Cooper (1985).

Cited in Palmer (1962).

May replace clutch i f eggs are | ost, but onl y rear one brood ( Henny, 1972).

Young f ed around colony for 10 days after |eaving nest at 45 day s of age.

Great Blue Heron (Ardea herodias)

rom Quinney
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2.1.2. Canada Goose (geese)

Order_Anserif ormes, Family Anatidae . Geese are large herbivorous waterfowl that
feed on grains, grass sprouts, and some aquatic vegetat ion. Although a dapted for life on
the water, they forage primarily in open fields. They breed in open forested areas near lake
shores and coastal marshes from the arctict  undr a thr ough temperate climates. These
birds migrate in noisy flocks in the fam iliar V-formation, stopping in cult ivated fields,
wetlands, and grasslands to feed. Geese show a wide variat  ion in size even wit hin a
species; the sexes look alik e.

Selected species

The Canada goos e (Branta canadensis ) is the most wide spread and abundant goos e
in Nor th Amer ica. Itis a popula r game species and is comm only encount ered on cult ivated
fields , golf cour ses, other parklands, and wetland refuge areas. Depe nding on subspe cies,
these geese can range in size from 64 to 114 cm ( bill tip t o tail tip) , the larger geese
breeding in m ore southe rly lo cations than the smaller subspecies. The reverse is true in
wint er, with the la rger subspe cies wint ering in t he more nor therly parts of the range
(Palmer, 1962). The number of exist ing r ecognized subspe cies var ies, but most
ornithologi sts agree that there are 11: canadensis (Atlantic Canada goose), fulva
(Vancouver Canada goose), hutch insii (Richardson's Canada goose), interior (interior
Canada goose), leucopareia (Aleutian Canada goose), maxima (giant Canada goose),
minima (cackling Canada goo se), moffitti (Great Basin or western Canada goose),
occidentalis (dusky Canada goose), parvip es (lesser Canada goose), and taverneri
(Taverner's Canada goose) (Bellrose, 1976;J ohnson e t al., 1979; Palmer, 1962). Several
subspe cies usually mingle during migr ~ ation and in wint ering areas, but they breed in
geographically distinct ranges. Six of the subspecies breed in Alaska ( fulva, leucopareia ,
minima, occidentalis, parvipes , and taverni) (Johnson e t al., 1979). The leucopareia
subspe cies, found in O regon, Washington, California , and Alaska, currently isa United
States federally designated threatened species (50 CFR 17.11, 1992). Itis only knownt o
breed on one of the western Aleutian islands off Alaska (Byrd and W oolington, 1983). See
Bellrose (1976) for ranges, migrat ion c orridor s, and wint ering areas of specific subspecies
and popula tions .

Body size. Canada geese subspecies vary greatly in size, but males are on average
larger than females (see table). Body weight r eaches its maximum just prior to or during
the spr ing migr ation and t hen decline s during egg-la ying and incuba tion, sometimes by as
much as 20 pe rcent (Mainguy and Tho mas, 1985; McLandress and Rave ling, 1981). Most of
the weight los t during incuba tion r eflects loss of fat, which can provide over 80 percent of
the ener gy requir ements for the incubat ing females (Mainguy and Tho mas, 1985; Murphy
and Boag, 1989). Y oung are simila r to parents in size by 2 months of age (Palmer, 1962).

Habitat. Breeding habi tat inc lude s tundr a, for est muskeg in the far north, tall- and
shortgrass prairie, marshes, ponds, and |akes. Most nest ing s ites are close to open water
with high v isibilit y in all dir ections (Palmer, 1962; Steel et al., 1957). In many areas, Canada
geese nest predominantly on islands in ~ ponds or lakes (Geis, 1956). Former
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muskrat houses often serve as nest sites in marshes (Steel et al., 1957). Br ood-rearing
habitats, on the other hand, re quir e adequ ate cover, and riparian areas are used more
frequently than open water (Eberhardt et al., 1989a). Dur ing t he fall and wint er in Maryland,
Harvey et al. (1988) f ound Canada g eese to spend 57 percent of their time in farmlands
(mostly corn, soybeans, and winter wheat fields) and 24 percent in forested areas.

Food habi ts. Canada geese are almost exclusively vegetarian, and fee  ding activity
is concentrated in areas where f ood is plentiful ( e.g., standing ¢ rops, scattered w hole
grain) (Palmer, 1962). They are primarily grazers, but must consume grit at some point to
assure proper digestion (Palmer, 1962). They prefer certain f oods, but will c hange their
diet depending on t he availabilit y of a food t ype (Col eman and Boag, 1987). For example,
when water levels are low in the south Yukon (Canada) river delta, Canada geese forage on
rhizomes of Potamoge ton r icha rdsoni i even though othe r forage is available ; at highe r
water levels when the Potamogeton is unreachable, the geese w ill feed on other plants
(Coleman and Boag, 1987). Dur ing fall, geese often consume green crops (e.g., winter
wheat). Dur ing wint er, however, they consume more energy-rich f oods such as corn
(Harvey et al., 1988; McLandress and Rave ling, 1981). In late winter and early spr ing, gr een
crops that are high in nit rogen and othe r impor tant nut rients again cons titute an impor tant
part of the diet (McLandress and Rave ling, 1981). Canada geese often feed preferentially
on the blade tips of many plant s, which a re highe r in nit rogen t han other parts of the plant
(Buchsbaum et al., 1981). In Minne sota, Canada g eese begin consuming gr een grasses as
soon a s they are expos ed by the melting snow (McLandr ess and Rave ling, 1981). In
Maryland, on the other hand, Harvey et al. (1988) f ound t hat Canada geese did not begin
consuming gr een crops be fore migr ation t o the br eeding grounds , indi cating t hat this
popula tion may rely on green forage available at sta ging areas to obtain the protein and
lipids requir ed for reproduc tion. Int he spring in Falmouth Ha rbor, Massachusetts, Canada
geese initially consum e predominantly the marsh grasses Spartina spp. and rushes
Juncus ge rardi, which a re high in prot ein (Buchsbaum and V aliela, 1987). As the summer
progresses, however, they feed increas ingly on subm erged eelgrass, Zostera marina ,
which provide s more car bohydr ates (Buchsbaum and Valiela, 1987).

Molt. Nonbr eeders and yearlings migr ate to a separate molt ing ground soon after
arrival at the br eeding grounds , while br eeding birds molt ont he brood- rearing grounds
(Bellrose, 1976). Molting oc curs ear lier in nonbr eeders, at | east a month earlier in the
larger subspecies (Palmer, 1962).  Molting pa rents do not regain flight feathers until just
prior to the time when their young f irst attain flight (Palmer, 1962). The f light less per iod of
B. c. interior is estimated to be 32 days. For B. c. maxima and B. c. moffitti , the flightle ss
period | asts from 39 to 40 days (Balham, 1954; Hanson, 1965, as cited in Palmer, 1962).

Migration. Migratory Canada g eese leave their bree ding grounds during la te
summer and early autumn; they return in the spr ~ ing around t he time the first water is
opening ( i.e., ice melting) but well be fore snow cover has dis appeared (Bellros e, 1976).
Spring migr ation begins | ater for northerly popula tions , with g eese that winter in mild
climates depart ing as early as mid -January, while thos e wint ering in t he cold est areas do
not move nor thwar d until t he beginning of Ma rch (Bellros e, 1976). The bulk of the migr ants
typically arrive on the summer bree ding grounds 3 weeks after the first birds
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(Bellrose, 1976). Some popula tions h ave become resident year-r ound, for example,

B. ¢. maxima in Missouri (Brakhage, 1965) and in southeast Georgia and southwest
Alabama (Combs et al., 1984). Dur ing both t he spring and f all migr ations , geese tend to
gather in large flocks and feed for several weeks in "sta ging" a reas along m ajor waterfowl
flyways (Bellrose, 1976).

Breeding activities and social organization . Canada geese arrive on the bree ding
grounds in flo cks, and s oon after, the male becomes territorial and aggressive toward
other birds (Palmer, 1962). Life long monog amy following t heir first br eeding is the gene ral
rule with these geese (Palmer, 1962). Nests are built on t he ground in a position w ith good
visibilit y (Palmer, 1962). Dur ing incuba tion t he male stands gua rd, while the female
incubates the eggs, which she normally leaves two or three times daily to feed, bath, drink,
and preen (Murphy and Boag, 1989). Both parents accompany the y oung t hrough t he
brood pe riod (Bellros e, 1976; Brakhage, 1965). Canada geese return to the bree ding
grounds as family units, but the year lings | eave their parents s oon after arrival (Bellrose,
1976).

Home range and resour ces. The foraging hom e range of Canada g eese varies with
season, latitude, and bree ding condition. Soon after hatc hing, goos e families move away
from the ne sting s ites to other areas with adequate cover and forage to rear their br oods
(Byrd and Woolington, 1983). Newly hatched families may have to travel 10 to 20 km from
the nest site to reach areas with adequate aquatic vegetat  ion or pasture grasses (Geis,
1956). Although t he families stay predominantly on land, often in riparian areas, they
usually are close to water. Eberhardt et al. (1989a) f ound goslings within 5 m of  water
most of the time; only 7 pe rcent of sightings were farther than 50 m  away. Duringthe
spring and f all migr ations and in wint er, Canada geese can be f ound on ope n water or
refuges near grain fields or coastal estuaries (Le  opold e t al., 1981).

Popul ation dens ity. Breeding popula tion densitie s of Canada g eese vary widely.
Low ne sting densitie s (i.e., less than 0.005 per hectare) are common in the Northwest
Territories of Canada (Smith and Sutton, 1953, 1954) and intermediate densities (i.e., 0.02
to 0.7 per hectare) have been reported for Alaska (Cornley et al., 1985). In some more
southe rly loc ations (e. g., California ), colonial n esting s ituations h ave been reported, with
as many as 32 nests located on half an acre (Naylor, 1953, as cited in Palmer, 1962).

Popul ation dyna mics . The earliest Canada geese be gin br eeding is ar ound 2 to 3
years of age (Mac Innes and Dunn, 1988; Brakhage, 1965). In the larger subspecies, only a
small propor tion of the birds unde r 4 years may attempt to breed. For example, in
Manitoba, Moser and Rusch (1989) f ound t hat only 7 pe rcent of 2-year-old and 1 5 percent
of 3-year-old B. c. interior laid eggs. Canada geese only attempt to rear one br ood per
year. Inthe more southerly latitudes, Canada geese w  ill r enest if a clutch is lost prior to
incuba tion ( Brakhage, 1965; Geis, 1956). In general, both clutch size and success at
rearing goslings inc rease with the age of the breeder (Brakhage, 1965). Rave ling (1981)
found t hat olde r B. c. maxima (4 plus years) raised more than twice as many gos lings to
fledging a s did younge r (2 to 3 years) birds. P opulation a ge str ucture and annual m ortalit y
vary with hunting pr essure as well as natural factors.
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Similar species (from general references)

. The Brant goose ( Branta bernicla ) is approximately the size of the smaller
Canada geese subspecies (length 25 cm). It is primarily a sea goos e and is
rare inland. It wint ers along both t he east and west coasts of the United
States, where it feeds on aquatic plants in sha  llow b ays and estuaries. It
breeds in t he high a rctic.

. The greater white-fronted goose ( Anser albifrons ) is limited to certain areas
west of the Mississ ippi Riv er and averages 71 cm in length. Its habits are
similar to those of other geese.

. The snow goose ( Chen caerulescens ) breeds in the Arctic and winters in
selected coastal areas across the United States. However, this average-
sized goose (71 cm) is a migratory visitor to much of the central United
States.

. The Ross' goose ( Chen rosii) breeds in t he high a rctic tundr a and wint ers in

some areas of the southwest United States. This relatively small (58 cm)
goose is a rare visitor to the mid-Atlantic States and is always seen with
snow geese.

General references

Bellrose (1976); Kortr ight (1955); National G eogr aphic Soci ety (1987); Palmer (1962).
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Canada Goose ( Branta canadensis )

Range or

Age/Sex/ (95% CI of mean) Note
Factor s Cond./Seas. Mean Location (subspecies) Reference No.
Body Weight (9) A M late sum. 1,443 +32 SE 1,260 - 1,605 Alaska (minima) Raveling, 1979

A F late sum. 1,362 +54 SE 1,195 - 1,590

A M winter 2,769 +30 SE Colorado (parvipes) Grieb, 1970

A F winter 2,472 £+23 SE

A M not spec. 3,992 NS (canadensi s) Webster (unpubl ished) in

A F not spec. 3,447 Bellrose, 1976

A M fall 4,212 +35 SE 3,799 - 4,727 Illin ois (interio r) Raveling, 1968

A F fall 3,550 + 31 SE 3,147 - 3,856

A M late sum. 4,960 Missour i (maxima) Brakhage, 1965

A F late sum. 4,160

M at hatching 108.7 Alb erta (moffitti ) LeBlanc, 1987b

F at hatching 109.5

B day 10 150 Alaska (minima) Sedinger , 1986 1

B day 20 450

B day 30 755

B day 40 950

B day 47 1,050

B day O 110 NS (moffitti ) Willia ms (unpubl ished) in

B day 9 240 Palmer, 1976

B day 16 440

B day 30 1,400

B day 44 2,400

B day 51 2,600

M at fledging 87% adult wt Alaska ( minima) Sedinger , 1986

F at fledging 89% adult wt
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Canada Goose ( Branta canadensis )

Range or
Age/Sex/ (95% CI of mean) Note
Factor s Cond./Seas. Mean Location (subspecies) Reference No.
Body Fat F fall mi gr. 182 +24 SE 117 - 264 Alaska i n winter (minima) Raveling, 1979
(g lipid) F winter 57 +6 SE 34-71 California i n summer
F spring migr. 172 + 25 SE 68 - 362
F prelay ing 171 (no SE; N=2) 136 - 205
F end incub. 33+5SE 14 -51
F early molt 108 + 13 SE 62-179
F prelay ing 751 £45 SE Ontari 0, Canada (maxima) Thomas et al., 1983
F incubating 611 +40 SE
F late in cub. 166 £ 18 SE
F molting 485 + 37 SE
Egg Weight 96 NS (minima) Owen, 1980 2
(9) 127 NS (leucopa) Owen, 1980 2
163 Alber ta, Canada (moffitti ) LeBlanc, 1987a
Metabolic Rate free-livin g:
(kcal/kg-day) A M winter 105 - 209 lllin ois in winter ( interio r) Willia ms & Kende igh, 1982 3
A M spring 105 - 203 Ontari o, Canadain
A M sum mer 115-253 sum mer
A M fall 100 - 209
A F spring 130 - 220 Williams & Kende igh, 1982 3
A F sum mer 143 - 274 (interio r)
free-livin g:
AM 185 (87 - 391) estimated 4a
AF 187 (88 - 397) (minima)
AM 141 (65 - 304) estimated 4b
AF 147 (69 - 316) (interio r)
AM 135 (63 - 292) estimated 4c
AF 142 (66 - 305) (maxima)
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Canada Goose ( Branta canadensis )

Range or

Age/Sex/ (95% CI of mean) Note
Factor s Cond./Seas. Mean Location (subspecies) Reference No.
Food Ingest ion A M winter 0.030 (interio r) captive Joynereta l., 1984 5
Rate (g/g-d ay) A F winter 0.033

A M spring 0.030 (interio r) captive Joynereta l., 1984 5

A F spring 0.031
Water Ingestion AM 0.052 (minima) estimated 6a
Rate AF 0.053
(9/g-day)

AM 0.035 (maxima) estimated 6b

AF 0.037
Inhal ation Rate AM 0.54 (minima) estimated 7a
(m¥day) AF 0.52

AM 1.40 (maxima) estimated 7b

AF 1.22
Surface Area AM 1,280 (minima) estimated 8a
(em? AF 1,230

AM 2,920 (maxima) estimated 8b

AF 2,590

Note

Dietary Composition Winter Reference No.
sedges 63 North Carolin a/lake Yelverton & Quay, 1959
native grasses 11
corn kernel s 22 (% volume; crop and gi zzard
animal 0.01 content s)
other 4
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Canada Goose ( Branta canadensis )

Locat ion/Habi tat Note
Dietary Compositio n Spring Summer Fall Winter (measure) Reference No.
Equisetum sp. Ontario , Canada/bay Prevettetal., 1985
(shoot) 9.2
Triglochin palustris (% dry weight ; esophagus
(root) 34 and provent ric ulus
grasses ( root) 234 content s)
(shoot) 2.1
sedges (shoot) 25.3
(root) 5.3
(reed) 17.9
Plantago mariti ma
(root) 6.5
unident ifie d plant s 6.1
invertebrates 0.7
corn 23 Wisconsi n/marsh Craven & Hunt , 1984
unident ifie d plant s 8.6
alfalfa 10.4 (% dry volume; gizzard
Gramineae 12.6 and provent ric ulus
oats 25.1 content s)
Setaria lutescens 8.4
Trifoliu m repens 10.9
Population Location (subspecies) / Note
Dynamics Range habi tat® Reference No.
Home Range A F & brood 983 + 822 SD ha 290 -2,830 Washington ( moffitti )/riv er Eberhardtetal., 1989a
Size
A F & brood 8.8 +4.4 SD km 2.8-18.1 Washington ( mo ffitti )/riv er Eberhardtetal., 1989a
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Canada Goose ( Branta canadensis )

Population Age/Sex/ Location (subspecies) / Note
Dynamics Cond./Seas. Mean Range habitat? Reference No.
Populat ion summer 0.02-12.4 nests/ha various | ocations Cooper, 1978 9
Density
16.6 nests/ha Montana ( mo ffitti )/ Geis, 1956
on 0.2-0.8 haisland
1.3 nests/ha Montana ( mo ffitti )/
on 8-121 haisland
0.35 nests/ha Alaska ( leuco pus)/ Byrd & Wool ington, 1983
island prefer red habi tat
fall 22 birds/ha Missour i/wildlife refu ge Humburg et a |., 1985
winter 4 birds/ha Missour i/wildlife refu ge Humburg et a |., 1985
Clutch Si ze 4.7 Alaska (minima) Spenceretal., 1951 10
56+0.1SE 2-8 Alaska (leucopa) Byrd & Wool ington, 1983
4.6 Ontario, Canada (interio r) Raveling & Lumsden, 1977 2
5.6 Alabama, Georgia ( maxima) Combs etal., 1984
Clutches/Year 1 Missour i Brakhage, 1985
Days 25 NS (minima) Laidley, 1939 10
Incubation 28 Missour i (maxima) Brakhage, 1965
Age at 40-46 Alaska ( minima) Mickelson, 1973 11
Fledging 55 NS (leucopa) Lee (pers. com m.)in Byrd
(days) & Wool ington, 1983
63 Ontario, Canada (interio r) Hanson, 1965 11
71-73 Michigan (maxima) Sherwood, 1965 11
Percent Nest s 91 89-93 Alaska/ island (leuco pa) Byrd & Wool ington, 1983
Successful 44 27 - 64 Alabama, Georgia ( maxima) Combs etal., 1984
Number 2.19+£242SD 0-7 Washington ( moffitti ) Eberhardtetal., 1989b
Fledge per
Active Nest
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Canada Goose ( Branta canadensis )

Population Age/Sex/ Location (subspecies) / Note
Dynamics Cond./Seas. Mean Range habitat? Reference No.
Number 4.0 £0.008 SE 1-7 Alaska (leucopa) Byrd & Wool ington, 1983
Fledge per 2.2 IL, WI (interio r) Hardy & Tacha, 1989 12
Successful 39+£19SD 1-7 Washington ( moffitti ) Eberhardtetal., 1989b
Nest
Age at Sexual B 2-3 Northwest Ter ritori es Maclnnes & Dunn, 1988
Maturity (smaller subspecies)
F 4-5 >2 Manitoba, Canada ( interio r) Moser & Rusch, 1989
M 2-3 >1 Missour i (maxima) Brakhage, 1965
F 2-3 >2
Annual AB 35.9 Alaska (minima) Nelson & Hansen, 1959 11
Mortality Rates JB 46.0
(percent)
AB 28+0.8SD California, Nevada ( moffitti ) Rienecker, 1987
JB 49+3.7SD
AB 229 Ohio (maxima) Cummings, 1973 11
JB 37.0
Seasonal Note
Activity End Locat ion (subspecies) Reference No.
Mating/Lay ing late February March - April mid-M ay Georgia, Alabama ( maxima) Combsetal., 1984
early March late March OR, WA, CA (moffitti ) McCabe, 1979; Bel Irose,
1976
mid-March late March - April May Montana ( moffitti ) Geis, 1956
early April mid-A pril early May Idaho ( moffitti ) Steel etal., 1957
early April mid-A pril Ontario , Canada (maxima) Mainguy & Thomas, 1985
late May late May early June Alaska (leuco pa) Byrd & Wool ington, 1983
Hatching March April - May early June Georgia, Alabama ( maxima) Combsetal.,, 1984
mid-Apr il late April - May late May Montana ( moffitti ) Geis, 1956
early May mid-May late June Idaho ( moffitti ) Steel etal., 1957
early July Alaska (leucopa) Byrd & Wool ington, 1983
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Canada Goose ( Branta canadensis )

Seasonal Note
Activity Begin Peak End Location (subspecies) Reference No.
Molt (fall) mid-June Idaho (moffitti ) Steel etal., 1957

mid-July mid-August late August Alaska (leuco pa) Byrd & Wool ington, 1983

late June late October lllin ois (interio r) Willia ms & Kende igh, 1982

mid-Sept. November arrive south | llinois (interio r) | Bell & Klimstra, 1970

October early November mid-D ecember arrive CO, TX (parvipes) Grieb, 1970

February early March leave lllin ois (interio r) Bell & Klimstra, 1970

late March early April leave Minnesot a (maxima) Raveling, 1978b

1 Weights est imated from graph.

2 Cited in Dunn and Maclnnes (1987) .

3 Estimated range of existence t o maximum fr ee-living m etabolism at typical breeding ground (  Ontario, Canada in spring and sum mer) and at
typical winter ing ground ( south Illinois i n fall and winter). Estimate d using r egression equat ions developed by the authors, measures of
metabolic rat es at temp eratures f rom -40 to 41°C, and temperatures t ypical for th e season and | ocation.

4  Estimated using equat ion 3-37 (Nagy, 1987) and body weights f rom (a) Raveling (1979); (b) Raveling (1968); and (c) Brakhage ( 1965).

5 Reported as grams dr y weight of feed; cor rected to grams w et weight of feed using t he measur ed moisture content of 11 percent (on average) of
the feed items (i.e., corn, sunflower seeds, wheat, and milo).

6 Estimated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom (a) Raveling (1979) and ( b) Brakhage (1965) .

7 Estimated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom (a) Raveling (1979) and ( b) Brakhage (1965) .

8 Estimated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Wals berg and King, 1978) and body weights f rom (a) Raveling (1979)
and (b) Brakhage (1965) .

9 Summarizi ng several studies, ci ted in Byrd & Wool ington (1983) .

10 Cited in Palmer (1976).
11 Cited in Bellrose (1976).
12  For parents older than 5 years of age.
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2.1.3. Mallard (surface-feeding ducks)

Order Anseriformes , Family Anatidae . Surface-fee ding du cks are the most fam iliar
ducks of freshwater and saltwater wetlands. They feed by da bbling and tipping up in
shallow water, often filter ing t hrough s oft mud f or food. They feed primarily on seeds of
aquatic plants and cultivated grains, alt  hough t hey also consum e aquatic inv ertebrates,
particula rly during t he breeding season (Jorde et al., 1983; Swanson et al., 1985). All
species have a br ight color ed patch of feathers on the tra iling edge of each wing, and the
overall plum age of the males is more color ful t han that of the females. Da bbling duc ks
range in size fr om the gr een-winge d teal (average 37 cm bill tip t o tail tip) to the nor thern
pintail (average 66 cm).

Selected species

The mallard ( Anas platyrhynchos ) feeds mostly on aquatic plants, seeds, and
aquatic invertebrates, depe nding ont he season, and forages in ponds and wetlands by
dabbling and filt ering t hrough s ediments. It is wide spread thr oughout most of the Unit ed
States and is the most a bundant of the Unit ed States ducks (USFWS, 1991). In the past
decade, however, its numbers have dec lined m arkedly acr oss its principal r ange int he
mid- continent al region b ecause of habitat degradat ion and drought (USFWS, 1991).
Mallards interbreed with domestic ducks and black ducks ( Anas rubripes).

Body size. Mallards average 58 cm from bill tip t o tail tip. Male malla rds are
generally heavier than females (Delnicki and Reinecke, 1986; Whyte and Bolen, 1984, see
table). Female mallards lose we ight during t he laying and incuba tion pe riods ; males los e
weight fr om their spr ing arrival thr ough t he peak of the bree ding season and then gain
weight while the females are incubat ing (Lokemoen et al., 1990a).

Habitat. Wintering m allards pr efer natural bottomland wetlands and rivers to
reservoirs and farm ponds (Hei tmeyer and Vohs, 1984); water depths of 20 to 40 cm are
optimum for foraging ( Heitmeyer, 1985, cited in Allen, 1987). The primary habitat
requir ement for nest ing appe ars to be dens e grassy vegetat ion at least a half meter high
(Bellrose, 1976). Mallards prefer areas that provide concealment from predators such as
seeded cover (fields esta blished on f ormer cr oplands ) (Klett et al., 1988; Lokemoen et al.,
1990b), cool-season introduced legumes and grasses (Duebbert and Lokemoen, 1976), and
idle gr assland with tall, dense, rank cover in the area (Duebbert and Kantrud, 1974). Nests
usually are located wit hin a few kilometers of water, but if c  hoic e nesting habi tat is not
available nearby, females may nest further away (Bellrose, 1976; Duebbert and Lokemoen,
1976).

Food habi ts. In winter, mallards feed primarily on seeds but also on invertebrates
associated with leaf litter and wetlands, mast, agricultural grains, and to a limited extent,
leaves, buds, stems, rootlets, and tubers (Goodman and Fisher, 1962; Heitmeyer, 1985,
cited in Allen, 1987). In spr ing, females shift from a largely herbivorous diet to a diet of
mainly inv ertebr ates to obtain protein for their prebasic molt and then for egg pr oduc tion
(Swanson and Meyer, 1973; Swanson et al., 1979; Swanson et al., 1985; Heitmeyer, 1988b).
Laying females consume a highe r propor tion of anim al foods ont he breeding
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grounds than do males or nonla ying females (Swanson et al., 1985). The animal diet
continue s thr oughout the su mmer, as many females lay clutches to replace destroyed

nests (Swanson et al., 1979; Swanson et al., 1985). Duck lings also consum e aquatic
invertebrates almost exclusively, particularly during t he period of rapid grow th (Chur a,
1961). Mallards concentrate in wetlands at  night , apparently feeding on emerging in sects
(Swanson and Meyer, 1973). Flocks may feed in  unharvested grain fields and st ubble fields
during f all and wint er (Dillon, 1959). During pe riods of food shor tage, fat reserves are used
as an ener gy sour ce. During br eeding, females cont inue to feed but also use fat to meet

the de mands of egg produc tion; females may lose 25 percent of their  body mass (in fat)
during la ying and e arly incuba tion ( Krapu, 1981).

Molt. Female mallards molt into basic plumage in late winter or early spr ing, except
for the wing molt , which is de layed until a bout the time broods are fledged. Inm ales, head-
body-tail molt commences in early summer and overlaps or is f ollow ed by the wing molt .

Mallards gene rally are flight less for a bout 25 d ays dur ing t he wing molt (Palmer, 1976).

Migration. Althought he mallard wint ers in all four waterfowl flyways of North
America (i.e., Pacific, Central, Mississ ippi, and Atlantic ), the Mis sissippi f lyway (alluvia |
valley from Mis souri t o the Gulf of Me xico) cont ains the high est numbers (Bellrose, 1976).
Human creation and a Iteration of water bodie s and plant communitie s have changed the
migr ation and wint ering p atterns of mallards; in North America the ducks winter farther
north than in the past (Jorde et al., 1983). Mallards tend to arrive at their winter ing grounds
in the Mis sissippi V alley in mid -September thr ough e arly November and depatrt for their
nor ther ly br eeding grounds again in Ma rch (Fredrickson and Heitmeyer, 1988). A dult
females that reproduce successf ully are lik ely to return to the same nesting groundt he
following year (Lokemoen et al., 1990a, 1990b).

Breeding activities and social organization . Older females arrive at bree ding
grounds ear lier than year ling birds , which probably inc reases their chances of
reproductive success because they can select the best nest sites (Lokemoen et al., 1990Db).
First clut ches are gene rally finished by mid- April in t he southe rn part of the br eeding r ange
and late April to May in the northern United States (Palmer, 1976). High r ates of nest fa ilur e
requir e females to renest persistently to reproduce successf ully (Swanson et al., 1985).
Average clutch size decreases as the season progresses because the clutch size of
renesting females is smaller than initial clut ches (Eldridge and Kr apu, 1988; Lokemoen et
al., 1990b). Older females produce larger clutches than do year lings (Lo kemoen et al.,
1990a). Mallards mate for one bree ding season, and males typically leave the females at
the onset of incubat ion (Palmer, 1976). Females remain with the br ood until f ledging.
Mallards are ser ially monoga mous and thus r emate annually (Palmer, 1976).

Home range and resour ces. Each pair of mallards uses a home range, and the
drake comm only establishe s a territory that he d efends against other mallards (Bellrose,
1976). Home-range size depends on habitat, in particular the type and distr ibution of water
habitats (e.g., prairie pot holes, rivers), and popula tion densit y (Bellros e, 1976; Dwyer et al.,
1979; Kirby et al., 1985).
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Popul ation dens ity. Mallard densitie s during t he breeding season are positively
correlated with availa bilit y of terr estrial cover for nest ing and w ith availabilit y of wetlands
and ponds that provide the aqua tic die t of malla rds (Pospahala et al., 1974). Availa bilit y of
suitable wetland habitat for bree  ding and wint ering depends on e nvir onm ental conditions
(e.g., rainfall) (Heitmeyer and Vohs, 1984; Lokemoen et al., 1990a). Average densities of
breeding m allards in t he prairie pothole region r ange from 0.006 to 0.67 pairs per hectare
(Duebbert and Kantrud, 1974; Duebbert and Lokemoen, 1976; Kantrud and Stewart, 1977,
Lokemoen et al., 1990b). Mallards attain their  highest densities in prairie and parkland of
the southern prairie provinces and in the Cooper River and Athabasca River deltas of
Canada (Johnson and G rier, 1988).

Popul ation dyna mics. Nest success or fa ilur e is an impor tant factor affecting
mallard popula tions . Mammalian predat ion is the main ¢ ause of n est failur e, follow ed by
human dis turbance (e. g., farming ope rations ) and adverse weather c onditions (K| ett et al.,
1988; Lokemoen et al., 1988). Mammalian predators inc lude fox, badger, and s kunk ; crows
also prey on mallard nests (J ohnson e t al., 1988). Mallards usually renest if the first nest
fails (Palmer, 1976). Juve nile surviv al depends on food and pr eferred habitat availa bilit y,
factors that in turn are affected by environmental ¢ onditions . For example, high r ainfall is
related to increased wetland area, which is positively correlated with duck ling grow th
(Lokemoen et al., 1990a). A nnual adult mortalit y rates vary with year, locat ion, hunting
pressure, age, and sex. Females suffer greater natural mortality rates (e.g., typical values
of 40 to 50 pe rcent) than do males (e.qg., typic al value s of 30 to 40 pe rcent) (Chu a nd
Hestbeck, 1989). By fall, there is a highe r propor tion of males than females in most
popula tions (Bellros e, 1976). Immature mortality rates of 70 percent have been recorded in
many areas, alt hough low er immature mortality rates are more common (Bellrose, 1976;

Chu and H estbeck, 1989). A nnual m ortalit y rates also are greater in areas with  higher
hunting pr essure (Bellrose, 1976).

Similar species (from general references)

. The American black duck ( Anas rubrip es) is only pr esent in the w ooded
parts of northeastern and north central United States. It nests near
woodland | akes and streams or in freshwater and tidal marshes. It is similar
in size (58 cm) to mallards us ing t he same habitats.

. The nor ther n pint ail (Anas acuta ) is wide spread, occurring in m ost pa rts of
North Amer ica and br eeding t hroughout Canada and t he nor th central United
States. Alt hough f ormer ly far ily abundant , North Amer ican pint ail
popula tions h ave declined dr amatically dur ing t he past decade (USFWS,
1991). It prefers marshes and open areas with  ponds and | akes. Pintails
average s lightly longe r (66 cm) than mallards.

. The gadw all (Anas strepera ) (51 cm) occurs thr oughout most of the Unit ed
States. In Canada, its bree ding r ange is limit ed to the south ¢ entral pothole s
region. Itis more commonint he westthan in the east.

. The American wigeon ( Anas americana ) (48 cm) breeds thr oughout most of
Canada and in t he pr airie pothole regions of the Unit ed States. It winters
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along both t he east and west coasts of the United States as well as farther
south into Me xico.

. Northern shovelers ( Anas clypeata ) (48 cm), inhabit ants of marshes, ponds,
and bays, breed thr oughout mid t o western Canada and the prairie pot hole
regions of the Unit ed States. They winter a long t he gulf co ast, southern
Atlantic coast, in Texas, and a few other southwestern states as well as
thr oughout Me xico.

. Blue -winge d teal (Anas discors ) (39 cm) are fairly common in open ¢ ountry
in marshes and on ponds and | akes. Bree ding popula tions oc cur thr oughout
the central United States and Canada, but winter  ing popula tions are
restricted to Atlantic and Pacific coastal areas.

. The green-winge d teal (Anas crecca ) (37 cm) is the smallest of the da bbling
ducks. A. c. carolinensis is the most common subspecies in the United
States. It breeds thr oughout most of Canada andt he pr airie pothole region
of the United States. It overwinters in the southern half of the United States
and in Me xico.

. Cinnamon teal (Anas cyanoptera ) (41 cm) bree ding popula tions are restricted
to the western United States and Mexico, with few reac  hing southe rn
Canada. Some popula tions in California and Me xico are year-r ound
residents.

General references

Allen (1987); Nat ional G eogr aphic Soci ety (1987); Pospahala et al. (1974); Palmer
(1976); Bellrose (1976).
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Ev-¢

prejreiN

Mallard Duck ( Anas platyrhynchos)

Age/Sex/ Range or Note
Factor s Cond./Seas. Mean (95% CI of mean) Location Reference No.
Body Weight AM 1,225 upto 1,814 throughout Nor th America Nelson & M artin, 1953
(9) AF 1,043 upto 1,633

A M winter 1,246 +108 SD western M ississippi Delnicki & Rei necke, 1986

A F winter 1,095 + 106 SD (allu vial val ley)

A M winter 1,237 +£118 SD Texas Whyte & Bolen, 1984

A F winter 1,088 £ 105 SD

A F spring 1,197 +105 SD North Dakot a Krapu & Dot y, 1979

egg 52.2 32.2-66.7 North Dakota Eldridge & Krapu, 1988

at hatching 324+£24SD central North Dakota Lokemoen et a |., 1990a

B at 3.5 days 324+£24SD central North Dakota Lokemoen et a ., 1990b

Fat9.5days 115+37 SD central North Dakot a Lokemoen et al., 1990b

F at15.5 days 265+92 SD

F at 30.5 days 401 +£92 SD

F fledging at

56.0 days 740 +115 SD

M at 9.5 days 92+12 SD central North Dakota Lokemoen et a ., 1990b

M at 15.5 days 215+5 SD

M at 30.5 days 460 +93 SD

M fledging at

56.0 days 817 +91 SD

Body Fat A M winter 174 +66 SD Texas Whyte & Bol en, 1984
(g lipid) A F winter 171 +56 SD

AF April 106 +34 SD North Dakot a Krapu & Dot y, 1979

Y F April 82 +37 SD

A F June 22 £22 SD

Y F June 9.6 +8.3 SD




vv-¢

prejreiN

Mallard Duck ( Anas platyrhynchos)

Age/Sex/ Range or Note
Factor s Cond./Seas. Mean (95% CI of mean) Location Reference No.
Metabolic Rate | A F basal 77 estimated 1
(kcal/kg-day) A M basal 73
A F winter 280 Texas Whyte & Bolen, 1984 2
A M winter 220
A F free-living 200 (94 - 424) estimated 3
A M free-living 192 (91 - 408)
Food Ingest ion 4
Rate (g/g-d ay)
Water AF 0.058 estimated 5
Ingestion AM 0.055
Rate (g/g-d ay)
Inhal ation AF 0.42 estimated 6
Rate (m7d ay) A M 0.48
Surface Area AF 1,030 estimated 7
(cm? AM 1,148
Dietary Locat ion/Habi tat Note
Compositio n (measure) Reference No.
adults: Winter Louisiana/coastal marsh Dillon, 1959
rice 24 and prai rie
jungle rice 21
brownseed paspalum 19 (% volume; gullet content s)
barnyard grass 8.0
red rice 8.0
knot grass 6.5
signal grass 2.5
coast cockspur 1.9
Mamaica sawgrass 1.3
snails 1.0
other 6.8




Gv-¢

prejreiN

Mallard Duck ( Anas platyrhynchos)

Dietary Locat ion/Habi tat Note
Compositio n (measure) Reference No.
breeding female: April May June south cen tral North Swanson et a |., 1985
(total animal) (67.8) (66.8) (89.4) Dakot a/prairie potholes
gastropods trace 24.9 16.5
insects 13.1 25.6 48.1 (% wet vol ume; esophagus
crustacea 7.9 151 13.9 content s)
annelids 38.3 0.2 10.9
misc. ani mal 8.5 1.0 -
(total plant) (32.2) (33.2) (20.6)
seeds 28.7 28.7 10.6
tubers 2.4 4.3 -
stems 1.1 0.2 -
Population Note
Dynamics Mean Range Locat ion/Habi tat No.
Home Range spring:
Size (ha) A F total 468 + 159 SD 307 -719 North Dakot a/prairie Dwyer et al., 1979
A F laying 111 +76 SD 38 -240 potholes
spring:
AF 540 40 - 1,440 Minneso ta/wetlands, river Kirby et al., 1985
AM 620 70 - 1,140
Populat ion A B spring 0.036 0.006 - 0.076 central North Dakot a/range Lokemoen et al., 1990a
Density (areal) of 6 years of dat a from
(pairs/h a) A B spring 0.047 0.031-0.087 two differe nt pothol e
(area 2) areas
Clutch yearling 9.3+1.7SE North Dakot a/prairie Krapu & Dot y, 1979
Size A 10.3+1.1 SE potholes
9 1-18 NS/NS Bellrose, 1976
Clutches if lo st upto 4.5 North Dakota/experimental Swanson, unpubl ishedin
[Year ponds ( nests purposel y Swanson et al., 1985
destroyed)
if successful 1 North America/NS Bellrose, 1976
Days 26 23-29 NS/NS Bent, 1923 8
Incubation 25 North Dakot a/wetlands Klett & Johnson, 1982




9v-¢

prejreiN

Mallard Duck ( Anas platyrhynchos)

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habi tat Reference No.
Age at 52-60 NS/NS Bellrose, 1976
Fledging
(days) 56 central North Dakota/ Lokemoen et a |., 1990a
potholes
Percent Nest s 51-61 South Dakot a/prairie Duebbert & Lokemoen, 1976
Successful potholes and f ields
9-10 eastern South Dakot a/ Klett et al., 1988
potholes

Number 4.9 NS/NS Cowardin & Johnson, 1979 9
Fledge per 8.4 United States/NS Bellrose, 1976
Successful
Nest
Age at lyr United States/NS Krapu & Dot y, 1979
Sexual
Maturity
Annual AM 27.2 eastern-cent ral flyw ay/NS Bellrose, 1976
Mort ality AF 38.2
Rates
(percent) AM fall 40.1£+3.1 SE 22-51 western m id-Atlantic/NS Chu & Hestbeck, 1989

JM fall 41.1+7.2SE 31-59 1971 to 1985

AF fall 499 +3.3 SE 20-72

JF fall 48.8 +6.0 SE 15-68

AM fall 39.0+2.3SE 9-60 north eastern Uni ted Chu & Hestbeck, 1989

JM fall 48.1 +5.3 SE 7-69 States/NS

AF fall 51.5+19SE 33-64 1971 to 1985

JF fall 56.8 +3.2 SE 38 - 68
Seasonal Note
Activity End No.
Mating May CA, UT, MT, SD, NY, VT Bellrose, 1976

early April early May mid-J uly south cent ral N Dakot a Krapu & Dot y, 1979
Hatc hing June NW Territory, C anada Toftetal., 1984




Lv-¢

prejreiN

Mallard Duck ( Anas platyrhynchos)

Seasonal Note
Activity Begin Peak End Locat ion Reference No.
Molt
spring December March Mississippi Val ley Fredrickson & Hei tmeyer, 1988
fall mid-Sept. November
mid-March mid-M ay arrive north central US Johnson et al., 1987
mid-October November leave northern US Palmer, 1976

1 Estimated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights f  rom Nelson and M artin ( 1953).

2 Estimated daily existence energy at 0°C.

3 Estimated using equat ion 3-37 (Nagy, 1987) and body weights f rom Nelson and M artin ( 1953).

4  See Chapters 3 and 4 for met hods of est imating food ingest ion rates from free-living m etabolic rate and dietar y composi tion.

5 Estimated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Nelson and M artin ( 1953).

6 Estimated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Nelson and M artin ( 1953).

7 Estimated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, as cited in Wals berg and King, 1978) and body weights f rom Nelson and M artin
(1953).

8 Citedin Palmer (1976).

9 Citedin Johnson etal . (1987).




References (including Appendix)

Allen, A. W. (1987) Habitat suita bilit y inde x models : malla rd (wint er habitat, lower
Mississippi V alley). U.S. Fish Wildl. Serv. Biol. Rep. No. 82(10.132).

Bellrose, F. C. (1976) Ducks, geese, and swans of North America. Harrisburg, PA: The
Stack pole Co. ; pp. 229-243.

Bellrose, F. C.; Hawkins, A. S. (1947) (cited in Palmer, 1976). Auk 64: 422-430.

Bent, A. C. (1923) Life histories of North American w  ild f owl. Washington, DC: U. S.
Government Printing Office; Smiths onian Ins t. U.S. Nat. Mus., Bull. 126.

Brownie, C.; Anderson, D. R.; Burnham, K. P.; et al. (1978) Statistical inference from band
recovery data--a ha ndbook . U.S. Fish Wildl. Serv. Resour. Publ. 131.

Brownie, C.; Anderson, D. R.; Burnham, K. P.; et al. (1985) Statistical inference from band
recovery data--a ha ndbook . U.S. Fish Wildl. Serv. Resour. Publ. 156.

Calder, W. A.; Braun, E. J. (1983) Sca ling of os motic regula tion in mammals and birds. Am.
J. Physiol. 244: R601-R606.

Chu, D. S.; Hestbeck, J. B. (1989) Temporal and geogra phic estimates of survival and
recovery rates for the mallard, 1950 thr ough 1985. Washington, DC: U. S. Fish Wildl.
Serv. Tech. Rep. No. 20.

Chura, N. J. (1961) Food availabilit y and pr eference of juve nile malla rds. Trans. N. Am.
Wildl. Nat. Resour . Conf. 26: 121-134.

Coulter, M. W.; Miller, W. R. (1968) Nesting biology of bl ack ducks and mallards in northern
New England. Vermont Fish and Game Dept. Bull. 68-2.

Cowardin, L. M. ; Johnson, D. H. (1979) Mathematics and mallard management. J. W ildl.
Manage. 43: 18-35.

Delnicki, D.; Reinecke, K. J. (1986) Mid-wint er food us e and body weight s of malla rds and
wood ducks in Mississ ippi. J. Wildl. Manage . 50: 43-51.

Dillon, O. W. (1959) Food habit s of wild m allard ducks in three Louisiana pa rishes. Trans.
North Am. Wiildl. Nat. Resour . Conf. 24: 374-382.

Doty, H. A. (1975) Renest ing and second broods of wild m allards. Wilson Bull. 87: 115.

Duebbert, H. F.; Kantrud, H. A. (1974) Upland duc k nesting r elated to land use and predator
reduc tion. J. Wildl. Manage . 38: 257-265.

2-48 Mallard



Duebbert, H. F.; Lokemoen, J. T. (1976) Duck nest ing in f ields of undis turbed grass-legume
cover. J. W ildl. Manage . 40: 39-49.

Dwyer, T. J.; Krapu, G. L.; Janke, D. M. (1979) Use of prairie pot  hole habi tat by bree ding
mallards. J. Wildl. Manage . 43: 526-531.

Dzubin, A. (1955) Some evidences of home range in waterfowl. Trans. North Am. W ildl. Na .
Resour . Conf. 20: 278-298.

Eldridge , J. L.; Krapu, G. L. (1988) The influence of diet quality on clutch size and laying
pattern in mallards. Auk 105: 102-110.

Fredrickson, L. H.; Heitmeyer, M. E. (1988) Waterfowl use of forested wetlands of the
southern United States: an overview. In: Weller, M. W., ed. Waterfowl in winter.
Minne apolis , MN: Univ ersity of Minne sota Pr ess; pp. 307-323.

Fuller, R. W. (1953) Studie s in t he lif e history and e cology of the Amer ican pintail, Anas
acuta tzitzihoa (Vieillot ), in Utah [master's thesis]. Logan, UT : Utah State
Agricultur al College .

Gilmer, D. S.; Ball, I. J.; Cowardin, L. M. ; et al. (1975) Habitat use and home range of
mallards br eeding in Minne sota. J. W ildl. Manage . 39: 781-789.

Girard, G. L. (1941) The mallard: its management in western Montana. J. Wildl. Manage . 5:
233-259.

Gollop, J. B.; Marshall, W. H. (1954) A guide to aging duc k broods int he field ( mimeo). MS:
Mississippi FI yway Council T ech. Sect.

Goodman, D. C.; Fisher, H. I. (1962) Functional a natomy of the feeding appa ratus in
waterfowl Aves: Anatidae . Carbondale , IL: Southe rn lllinois Univ ersity Press.

Heitmeyer, M. E. (1985) Winter ing s trategies of female mallards related to dynamics of
lowland ha rdwood wetlands in the upper Mississippi Delt a [Ph.D. dissertat ion] .
Columbia , MO: Univ ersity of Mis souri.

Heitmeyer, M. E. (1988a) Body composition of female mallards in winter in relat ionto
annual cycle events. Condor 90: 669-680.

Heitmeyer, M. E. (1988b) Protein costs of the prebasic molt of female mallards. Condor 90:
263-266.

Heitmeyer, M. E.; Vohs, P. A. (1984) Distr ibution and habi tat use of waterfowl winter ing in
Oklahom a. J. Wildl. Manage . 48: 51-62.

Johnson, D. H. ; Grier, J. W. (1988) Determinants of bree ding dis tributions of du cks. Wildl.
Monogr . 100: 1-37.

2-49 Mallard



Johnson, D. H. ; Sparling, D. W.; Cowardin, L. M. (1987) A model of the productivity of the
mallard duck. Ecol. Model. 38: 257-275.

Johnson, M. A.; Hinz, T. C.; Kuck, T. L. (1988) Duck nest success and predators in North
Dakota, South Dakota, and Montana: The Central Flyway Study. In: Uresk, D. W.;
Schenbeck, G. L.; Cefkin, R., tech. coords. E ighth G reat Plains w ildlif e damage
cont rol workshop pr oceedings ; April 28-30, 1987; Rapid Cit y, South Da kota. Fort
Coallins , CO: U.S. Department of Agriculture, Forest Service, Rocky Mount ain For est
and Range Experiment Stat ion; pp. 125-133.

Jorde, D. G.; Krapu, G. L.; Crawford, R. D. (1983) Fee ding e cology of malla rds wint ering in
Nebraska. J. W ildl. Manage . 47: 1044-1053.

Kantrud, H. A.; Stewart, R. E. (1977) Use of natural basin wetlands by bree ding waterfowl in
North Dakota. J. Wildl. Manage . 41: 243-253.

Kirby , R. E.; Cowardin, L. M. (1986) Spring and s ummer survival of female mallards from
nor thcentral Minne sota. J. W ildl. Manage . 50: 38-43.

Kirby , R. E.; Riechmann, J. H.; Cowardin, L. M. (1985) Home range and habitat use of
forest-dwe lling m allards in Minne sota. Wilson Bull. 97: 215-219.

Klett, A. T.; J ohnson, D. H. (1982) Variability in n est survival rates and im plic ations to
nesting s tudie s. Auk 99: 77-81.

Klett, A. T.; Shaffer, T. L.; J ohnson, D. H. (1988) Duck nest success in the prairie pot  hole
region. J. Wildl. Manage . 52: 431-440.

Krapu, G. L. (1981) The role of nutrient reserves in mallard repr ~ oduc tion. Auk 98: 29-38.

Krapu, G. L.; Doty, H. A. (1979) Age-related aspects of mallard repr ~ oduc tion. Wildfowl 3 0:
35-39.

Lasiewski, R. C.; Calder, W. A. (1971) A preliminary allometric analysis of respiratory
variable s in r esting birds . Resp. Phys. 11: 152-166.

Lasiewski, R. C.; Dawson, W. R. (1967). A reexaminat ion of the rela tion b etween standard
metabolic r ate and body weight in birds . Condor 69: 12-23.

Lee, F. B.; Jessen, R. L.; Ordal, N. J.; et al. (1964) In: Moyle, J. B., ed. Ducks and land use in
Minne sota. Minn. Dept . Conserv. Tech. Bull. 8.

Lokemoen, J. T.; Schnaderbeck, R. W.; Woodward, R. O. (1988) Increas ing waterfowl
produc tion on point s and islands by reducing mammalian predat ion. In: Ur esk, D.
W.; Schenbeck, G. L.; Cefkin, R., tech. coord. E ighth G reat Plains w ildlif e damage
cont rol workshop pr oceedings ; April 28-30, 1987; Rapid Cit y, South Da kota. Fort
Collins , CO: U.S. Department of Agriculture, Forest Service, Rocky Mount ain For est
and Range Experiment Stat ion; pp. 146-148.

2-50 Mallard



Lokemoen, J. T.; Duebbert, H. F.; Sharp, D. E. (1990a) Hom ing and r eproduc tive habit s of
mallards, gadwalls, and blue -winge d teal. Wildl. Monogr . 106: 1-28.

Lokemoen, J. T.; J ohnson, D. H. ; Sharp, D. E. (1990b) Weight s of wild m allard Anas
platyrhynchos , gadw all A. strepera , and blue -winge d teal A. discors duringt he
breeding season. W ildfowl 4 1: 122-130.

Martin, A. C.; Zim, H. S.; Nelson, A. L. (1951) American w ildlif e and plant s. New York, NY:
McGraw-Hill Book Company , Inc.

McAtee, W. L. (1918) Food habit s of the malla rd ducks of the United States. U.S. Dept.
Agric. Bull. 720.

McEwan, E. H.; Koe link, A. F. (1973) The heat pr oduc tion of oiled m allards and scaup. Can.
J. Zool. 51: 27-31.

Meeh, K. (1879) Oberflachenmess ungen de s mensclichen Korpe rs. Z. Biol. 15: 426-458.

Nagy, K. A. (1987) Field meta bolic r ate and food r equir ement sca ling in mammals and
birds . Ecol. Monogr . 57: 111-128.

National G eogr aphic Soci ety. (1987) Field guide to the birds of Nor th Amer ica. Washington,
DC: National G eogr aphic Society.

Nelson, A. L.; Martin, A. C. (1953) Gamebird we ights. J. Wildl. Manage . 17: 36-42.

Palmer, R. S. (1976) Handbook of Nor th Amer ican birds : v. 1. New Haven, CT: Yale
University Press.

Perret, N. G. (1962) The spr ing and s ummer f oods of the common m allard (Anas
platyrhynchos platyrhynchos  L.) in south central Manitoba [master's thesis].
Vancouv er, BC: Univ ersity of British Columbia

Poole, E. L. (1938) Weight s and wing a reas in North American birds. Auk 55: 511-517.

Pospahala, R. S.; Anderson, D. R.; Henny, C. J. (1974) Bree ding habi tat conditions , size of
the br eeding popula tions , and produc tion indi ces in popula tion e cology of the
mallard. Bureau of Spor t Fish. and Wildl. , Res. Publ. 115, U.S. GPO Stock No. 2410-
00387.

Ringelm an, J. K.; Eddleman, W. R.; Miller, H. W. (1989) High plains r eservoirs and s loughs .
In: Smith, L. M.; Pederson, R. L.; Kaminski, R. M., eds. Habitat management for
wint ering waterfowl in North America. Lubboc k, TX: T exas Tech University Press;
pp. 311-340.

Rubner, M. (1883) Uber den Einfluss der Korpergrosse auf Stoff- und Kr aftweschsel. Z.
Biol. 19: 535-562.

2-51 Mallard



Rutherford, W. H. (1966) Chr onology of waterfowl migrat ion in Color ado. Colo. Div . Wildl. ;
Game Inf. Leafl. No. 42.

Simpson, S. G. (1988) Duck nest success on South Dakota game pr  oduc tion areas. In:
Uresk, D. W.; Schenbeck, G. L.; Cefkin, R., tech. coords. E ighth G reat Plains w ildlif e
damage control works hop pr oceedings ; Apr il 28-30, 1987; Rapid Cit y, South Da kota.
Fort Collins , CO: U.S. Department of Agriculture, Forest Service, Rocky Mount ain
Forest and Range Experiment Stat ion; pp. 140-145.

Stoudt , J. H. (1944) Food pr eferences of mallards on the  Chippewa Nat ional For est,
Minne sota. J. W ildl. Manage 8: 100-112.

Swanson, G. A.; Meyer, M. I. (1973) The role of invertebrates in the fee  ding e cology of
Anatina e during t he breeding season. In: The Waterfowl Habitat Management
Symposium at Moncton, New Brunswick, Canada; July 30 - August 1, 1973; The
Atlantic Waterfowl Council; pp. 143-180.

Swanson, G. A.; Krapu, G. L.; Serie, J. R. (1979) Foods of la ying female da bbling du cks on
the br eeding grounds . In: Bookhout , T. A., ed. Waterfowl and wetlands--an
integrated review: procee dings of 1977 symposium. Madison, WI: The W ildlif e
Society, NC Sect.; pp. 47-57.

Swanson, G. A.; Meyer, M. |.; Adomaitis, V.A. (1985) Foods consum ed by br eeding m allards
on wetlands of south-central North Dakota. J. W ildl. Manage . 49: 197-203.

Toft, C. A.; Trauger, D. L.; Murdy, H. W. (1984) Seasonal dec line in brood size s of sympatric
waterfowl ( Anas and Athya, Anatidae) and a pr opos ed evolutiona ry explana tion. J.
Anim. Ecol. 53: 75-92.

USFWS. (1991) 1991 Status of waterfowl & fall f light for ecast. Laurel, MD: U.S. Fish W ildl.
Serv., Office of Migr atory Bird Mana gement.

Walsberg, G. E.; King, J. R. (1978) The relat ionship of the external surface area of birds to
skin surface area and body mass. J. Exp. Biol. 76: 185-189.

Whyte, R. J.; Bolen, E. G. (1984) Impact of winter stress on mallard  body composition.
Condor 86: 477-482.

2-52 Mallard



2.1.4. Lesser Scaup (bay ducks)

Order_Anseriformes , Family Anatidae . Bay ducks are adapted for div ing and
characteristically need ar unning start to become airborne because their legs are located
further back on their body than on othe r ducks. They breed at mid to high la titude s and
winter in flocks on large water  bodie s and in pr otected coastal bays and river mouths. Bay
ducks dive for their f ood, and their diet is omnivorous (i.e., both plant and anim al matter)
and depends on the seasonal and re gional abundanc e of food r esour ces. Because of their
food habit s, bay ducks prefer deeper, more permanent ponds than dabbling duc ks
(Bellrose, 1976). The sexes vary in ¢ olor ation, and di fferent bay duck species range in
length f rom 42 to 53 cm (bill tip t o tail tip) .

Selected species

The lesser scaup ( Aythya affinis ) is one of the most abundant Nor th Amer ican
ducks (Allen, 1986). They breed principally thr  oughout western Canada and Alaska,
although t heir breeding r ange extends into the western United States as far south as
Color ado and Ohio. Lesser scaup winter in the United States in the Mississ ippi f lyway and
the Atlantic flyway (Bellrose, 1976). They also winter a  long all c oastal areas in the
southern states and into Mexico (Nat ional G eogr aphic Soci ety, 1987).

Body size. The lesser scaup averages 42 cm from  bill tip t o tail tip. Male s are
larger and m ore color ful t han the brow n females (Bellrose, 1976; see table).  Following t heir
pos tbreeding molt , scaups increase their fat reserves in preparat  ion f or migr ation ( Austin
and Fredrickson, 1987, see table).

Habitat. Lesser scaup are f ound on la rge lakes and bays dur ing t he fall and wint er
and are common on s maller bodie s of water (e.g., ponds ) during t he spring. They breed in
the pr airie pothole s region, most o ften on permanent or semipermanent wetlands of 0.85 to
2.0 ha with trees and shrubs border ing at least half of the shorelines (Bellrose, 1976;

Smith, 1971, cited in Allen, 1986). Primary br ood habi tat is characterized by permanent
wetlands dominated by emergent vegetat ion (Smith, 1971, cited in Allen, 1986). In a study
of ducks winter ing in South Ca rolina, Bergan and S mith (1989) found | esser scaup w ould
forage primarily in areas with submergent vegetat  ion but also in areas of emergent
vegetat ion, shallow ope n water, and float ing- leaved vegetat ion. They found s ome
differences in fora ging habi tat use by season and between males and females. In
particular, females tended to use more sha llow habi tats than males, and males preferred
open water in late fall (Bergan and Smith, 1989).

Food habi ts. Most popula tions of | esser scaup consume primarily aquatic
invertebrates, both from the water ¢ olumn and f rom the sur faces of aquatic vegetat ion and
other substrates (Tome and Wrubleski, 1988; Bartonek and Hickey, 1969). Common prey
include snails , clams, scuds (am phipods ), midge s, chironomids , and |eeches (see table).
Scaup are omnivorous, however, and the percentage of plant materials (almost exclusively
seeds) in the diet varies seasonally as the availa  bilit y of di fferent foods change s (Afton e t
al., 1991; Dirschl, 1969; Rogers and Kor schgen, 1966). When seeds are locally a bundant ,
they may be consumed in large quantities (Dirschl, 1969). Bree ding females and duck lings
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eat mostly aquatic invertebrates (S ugden, 1973). Young duc klings feed primarily on water-
column inv ertebr ates (e.g., phantom midges, clam shrimps, water mites), whereas older
duc klings forage mainly on bot tom-dwelling inv ertebr ates (e.g., scuds or am phipods ,
dragonflie s, caddis flies) (Bartonek and Murdy, 1970). Dur ing the wint er, there are no
signific ant di fferences in diet between juveniles and adults or between males and females
(Afton et al., 1991).

Molt. Nonbr eeding and pos tbreeding m ales and nonbr eeding females generally
leave the bree ding grounds in June to molton| akes. However, some males complete their
molt on t he breeding grounds (Trauge r, 1971, cited in Bellrose, 1976). Large flocks of
molting birds be come flight less dur ing t he wing molt ph ase, which be gins in July and is
usually complete by late A ugust (McKnight and Bus s, 1962).

Migration. The axis of the main migr ation c orridor extends from the bree ding
grounds ont he Yukon Fl ats, Alaska, to winter ing areas in Florida (Bellros e, 1976). Most
scaup winter in the United States, with the greatest numbers in the Mississ ippi f lyway and
the Atlantic flyway. They start to arrive at their winter ing areas in mid-October (Bellrose,
1976). The tim ing of nor thwar d migr ation in t he spring v aries from Februa ry to May
(Bellrose, 1976). Before migrat ion, scaup gain w eight by inc reasing t heir body fat content
(Austin and Fredrickson, 1987).

Breeding activities and social organization . Scaup build n ests on the gr ound
among t all gr asses, shrubs, or forbs where plant heights range from 20 to 60 cm (Hines,
1977). Nests can be located a long t he edge of shor elines to upland a reas (Bellrose, 1976).
Cour tship and pair bonds start to form on the winter ing grounds , and pair s typic ally remain
together for only one season. Males do not remain long after incubat ion c ommences
(Trauger, 1971, cited in Bellrose, 1976). The female and her br  ood | eave the vicinity of the
nest shortly after the duck lings h ave hatched. Most br oods are ont heir own by 4 to 5
weeks of age (Gehrman, 1951, cited in Bellrose, 1976) and fledge between 7 and 9 weeks of
age (Bellrose, 1976; Lightbody and A nkney, 1984). Females of this species often lay eggs
in other lesser scaup nests (nest parasitism), which can result in large com pound clut ches
of lesser scaup eggs ina s ingle n est (Hines, 1977). Hines (1977) also f ound t hat mixing of
broods was common in Saskatchewan; by A ugust, groups of 15 to 40 duc klings led by two
to three hens would be common.  Female lesser scaup also occas ionally la y eggs int he
nests of other ducks (e.g., gadwall; Hines, 1977).

Home range and resour ces. Relatively small ne sting t erritories and la rge highly
overlapping f oraging r anges are char acteristic of lesser scaup (Hammel, 1973, cited in
Allen, 1986). Several pairs can nest in close proximity wit hout aggr ession, each defe nding
only a small area immediately surr ounding t he nest (Bellrose, 1976; Vermeer, 1970). In
Manitoba, Hammel (1973) estimated the mean m inimum foraging hom e range to be 89 £ 6.5
ha. Initial a reas occ upied by pair s usually cont ain stumps, logs, boulde rs, or beaches as
loafing s ites, but later lesser scaup rely solely on open water (Gehrman, 1951, cited in
Bellrose, 1976).

Popul ation dens ity. In wint er, loc al densitie s of scaup ¢ an be very high, as large
flocks float on favored fee ding areas (Bellrose, 1976). In summer, the density of bree  ding
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pairs increases with the permanence and size of the ponds (Kantr ud and Stewart, 1977,
see table).

Popul ation dyna mics . In some popula tions , many year ling and s ome 2-year- olds do
not br eed; the propor tion br eeding t ends to inc rease with improv ing water and habitat
conditions (Afton, 1984; McKnight and Bus s, 1962). In a 4-year study in Manitoba, Afton
(1984) found t hat, on average, 30 percent of 1-year- olds and 1 0 percent of 2-year-olds, did
not br eed. Clutch size and r eproduc tive pe rfor mance of adult females generally increase
with age (Afton, 1984). Most nest fa ilur es are due to predation ( e.g., by mink , raccoons , red
fox), and scaup often attempt to renest if the initial n est fails (Afton, 1984; Bellrose, 1976).
Annual m ortalit y for juveniles is highe r than that for adult s, and adult female mortality
exceeds a dult male mortalit y (Smith, 1963; see table).

Similar sp ecies (from general references)

. The redhead ( Aythya americana ), a larger bay duck (48 cm), breeds on lakes
and ponds int he nor thwestern United States and in midwestern Canada.
They winter in coastal areas and the southern United States and Mexico. In
summer, adult female and juve nile redhe ads consum e predominantly anim al
matter (e.g., ca ddis flie s, midge s, water fleas, snails), w hile males include
more plant materials in their diet.

. The canvasback ( Aythya valisineria ) is the largest bay duck (53 cm). They
are common on lakes and ponds int he nor thern Unit ed States and southern
Canada during t he breeding season and a long c oastal areas of the United
States dur ing wint er. Studie s during t he wint er in Nor th and South Ca rolina
have found v arying di ets for canvasbacks, consum ing m ostly anim al matter
(e.g., clams); others eat only vegetation. Ins ummer, adult female and
juv enile can vasbacks eat predominantly animal material (e.g., ca  ddis flie s,
snails, mayflies, midges), whereas a dult males may eat predominantly
vegetable material, particularly tubers of  Potamogeton .

. The ring- necked duck ( Aythya collaris ') is similar in size (43 cm) to the lesser
scaup and prefers freshwater wetlands. They are comm  only seen on
woodland | akes and ponds , but in wint er also use southe rn co astal marshes.
During t he wint er, ring- necked ducks eat mostly plant materials (81 percent)
and a variety of animal matter (19 percent).

. The greater scaup ( Aythya marila ) (46 cm) is common in coastal areas and
the Great Lakes dur ing wint er. They are omnivorous , eating 50 to 99 pe rcent
animal matter and the rema inder plant foods duringt he wint er.

General references

Allen (1986); Bartonek and Hickey (1969); Bellrose (1976); Nat  ional G eogr aphic
Society (1987); Perry and Uhler (1982).
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dneos Jassa

Lesser Scaup ( Aythya affinis )

Age/Sex/ Range or Location or Note
Factor s Cond./Seas. Mean (95% CI of mean) subspecies Reference No.
Body Weight F preflightless 688 Manitoba, Canada Austin & Fredrickson, 1987 1
(9) F flightless 647

F postflightless | 693

F migrator y 842

F 770 up to 950 United States Nelson & Martin, 1953

M 860 upt © 1,100
Adul t Body Fat F preflightless 50.7 (7.4%) Manitoba, Canada Austin & Fredrickson, 1987 1
(grams lipid : F flig htless 37.2 (5.7%)
% of total body F postflightless | 46.5 (6.7%)
weight) F migrator y 188.1 (22.3%)
Duckl ing age in weeks growt h in g/day (final body weight ) | Utah or Canada Sugden & Har ris, 1972 2
Growth Rate 0-3 6.9 (190 g)

3-6 14 (485 g)

6-9 15 (516 )

9-12 1.2 (542 g)
Metabolic Rate | A F basal 83 estimated 3
(kcal/kg-day) A M basal 81

90
A Bresting Canada McEwan & Koel ink, 1973
20to 30°C
216

A F free-living 211 (102 - 457) estimated 4

A M free-living (99 - 445)
Food Ingest ion | juveniles, dry matter int ake/ Saskatchewan/capt ive: Sugden & Har ris, 1972 5
Rate (g/g-d ay) both sexes: wet body weight reared in larg e brooder

1-5weeks 0.162 and in outdoor pens

6 - 12 weeks 0.077
Water AF 0.064 estimated 6
Ingestion AM 0.062
Rate (g/g-d ay)
Inhal ation AF 0.34 estimated 7
Rate (m7d ay) A M 0.36
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dneos Jassa

Lesser Scaup ( Aythya affinis )

Age/Sex/ Range or Location or Note

Factor s Cond./Seas. Mean (95% CI of mean) subspecies Reference No.
Surface Area AF 842 estimated 8
(cm? A M 906
Dietary Locat ion/Habi tat Note
Composition Winter (measure) No.
(animal) (60.9) Louisiana/ lakes, mars hes Afton et al., 1991

midges 45.9

shails 7.7 (% dry we ight;

grass shr imp 7.3 esophageal & provent ric ular
(plant - seeds) (36.1) content s)

bulrush 36.0
(plant - vegetative) (3.0)

green algae 2.3
juveniles only: Northwest Ter ritori es/lake Bartonek & M urdy, 1970
(animal) (100) (200)

scuds 1+1 57+9 (% wet volume * SE;

phantom midges 54+8 1+1 esophageal content s)

clam shr imps 30+8 2+2

dragon/damsel flies - 17+8

water bugs 4+3 11+7

water mites 8+3 -

caddis flies - 6+5

water b eetles 1+1 4+3

mayflies 2+1 -
(plants) (trace) (trace)
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Lesser Scaup ( Aythya affinis )

Dietary Locat ion/Habi tat Note
Composition Spring Summer Fall Winter (measure) Reference No.
adults only: nw Minneso ta: spring and fall Aftonetal., 1991
(animal) (91.8) (90.5) migrations/lakes, mars hes,

scuds (amphipods) 33.2 54.9 pool s

dragonf lies - 2.4

caddis flies 8.8 7.6 (% dry we ight;

midges 2.3 - esophageal & provent ricular

other insects 4.9 - content s)

shails 31.9 10.2

fingernail clams 6.0 5.1

brook st ickleback - 4.1

fath ead minnow - 5.0

other fish 35
(plants - seeds) (6.0) (9.4)
(plants - vegetat ive) (2.2) (0.1)
(animal) (90.9) (75.1) (49.6) Saskatchewan, Dirschl, 1969

scuds 66.0 9.8 42.5 Canadal/shal low | akes

dipter a - 1.3 0.1

leeches 12.0 23.7 1.6 (% dry weight ; esophagus

fingernail clams 12.7 25.7 - and provent ric ulus content s)

cyprinid fis h - 2.9 -

caddis flies 0.2 1.6 1.9

clam shr imps - 3.1 0.5
(plant - seeds) 9.2) (24.9) (50.4)

Nuphar var iegatum - 13.2 42.8

other seeds 9.1 11.7 7.6
Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habi tat No.
Home Range breeding 89+6.5SE Manitoba, Canada Hammel, 1973 9
Size (ha)
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Lesser Scaup ( Aythya affinis )

Population Age/Sex Note
Dynamics Cond. /Seas. Mean Range Locat ion/Habi tat Reference No.
Populat ion A B seasonal North Dakota/ Kantrud & Stewar t, 1977
Density wetland 0.029 prairie potholes
(pairs/h a) A B per manent
wetland 0.061
ABislandin 28.9 13.1-58.5 Alb erta, Canada/islands in Vermeer, 1970 10
lake lakes of par klands and
boreal forest

Clutch 9.47 £0.18 SE 7-12 Saskatchewan/ marsh i sland Hines, 1977
Size

2nd yr female 10.0+0.2 SE 8-12 Manitoba/lake Afton, 1984

4th yr female 12.1+0.2 SE 11-14
Clutches 1, but of ten NS/NS Afton, 1984
[Year renest if lo st
Days 24.8 21-27 NS/NS Vermeer, 1968 10
Incubation
Age at B 65 +0.91 SE Manitoba/capt ive Lightbody & Ankney , 1984
Fledging
(days)
Percent Nest s 1st yr female 26.3 Manitoba/lake Afton, 1984
Hatching 2nd yr female 22.2

3rd yr female 455

76 Saskatchewan/ marsh i slands Hines, 1977

Percent up to 20 days 67.5+4.9 SE Manitoba/lake Afton, 1984
Broods of age
Survivin g
Age at First M most in 2nd yr NS/NS Palmer, 1976
Breedi ng F 1-2years Manitoba/lake Palmer, 1976; Afton, 1984
Annual juveniles 68-71 NS/NS Smith, 1963
Mortality Rates | A males 38-52
(percent) A females 49 - 60
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Lesser Scaup ( Aythya affinis )

Seasonal Note
Activity Begin Peak End Locat ion Reference No.
Mating/Lay ing early June Manitoba, Canada Afton, 1984

early May early June early July Montana Ellig , 1955 10

early July mid-July early August NW Territory and Toft et al., 1984; Hines, 1977

Saskatchewan, Canada

July September Manitoba, Canada Austin & Fredrickson, 1987

early February | March - April May departing United States Bellrose, 1976

mid-Apr il arriving M anitoba, Canada Afton, 1984

September mid-N ovember Pacific flyway (s OR, n CA) Gammonley & Hei tmeyer, 1990

Bellrose, 1976
mid-October mid- December arriving Uni ted States
November

g b~ W

QQ OVWoo~NO

Four stages of feather molt evaluat ed.

Duckl ings stopped growing at rate ty pical of wi Id birds around 6 weeks of age. By 12 weeks, they weighed approxi mately 200 g less than typical
of wild scaup.

Estimated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights f  rom Nelson and M artin ( 1953).

Estimated using equat ion 3-37 (Nagy, 1987) and body weights f rom Nelson and M artin ( 1953).

Young duckl ings m aintain ed in 18 to 27°C brooder , then in outdoor pens wi th same temperature r ange. Metabolizable energy of amphipods
(estimated to be 3.11 kcal /g dry wt), a typical scaup food, is similartoth e commercial diet used i nthe experiment (3.09 kcal /g dry wt). Ducklings
stopped growing as r apidly as would wi Id duckl ings at about 6 weeks of age. For methods of est imating food ingest ion rates for adult scaup, see
Chapters 3 and 4.

Estimated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Nelson and M artin ( 1953).

Estimated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Nelson and M artin ( 1953).

Estimated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, cited in Wals berg and King, 1978) and body weights f rom Nelson and Martin ( 1953).
Relatively sma ll, highly over lapping, home ranges. Cited in Allen (1986).

Cited in Bellrose (1976).
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2.1.5. Osprey ( Pandion haliaetus )

Order Falconi formes , Family Accipitridae . The only Nor th Amer ican member of the
subf amily Pandionina e, these large birds of prey have long na rrow wings , a shar p hook ed
bill, and pow erful t alons. Osprey are found ne ar fresh water or saltwater, and their diet is
almost completely restricted to fish. They are adapted for hover ing ov er the water and
dive feet-first, se izing f ish with their talons (Robbins et al.,  1983). Once very rare ow ingto
DDT accumulat ion in t heir food (1950's to early 1970's), osprey now are increas ing in
numbers. In the United States, there are five re  gional popula tions of ospr ey (in orde r of
abunda nce): Atlantic coast, Florida and gulf co ast, Pacific Northwest, western interior, and
Great Lakes (Henny, 1983). In North America, osprey breed primarily in a wide band from
coast to coast across Canada and the southern half of Alaska, where they are not
restricted to coastal and Great Lake areas as they are in the United States. However,
osprey are reported from all States dur ing t he fall and s pring migr ations (Henny , 1986).

Body size. The various subspe cies of ospr ey around t he wor Id di ffer in size, and in
general females are heavier than males (P oole, 1989a; see table). Osprey f oundint he
United States are considered to be of the subspecies carolinenesis and average 56 cm
from bill tip t o tail tip (Robbins et al., 1983) and we igh b etween 1.2 and 1.9 kg (see table).

Habitat. In the United States, the majority of osprey  popula tions are associated with
marine envir onments, but large inland r ivers, | akes, and reservoirs also may s uppor t
osprey (Henny, 1986, 1988b). G ood nesting s ites in proximity to open, sha llow water and a
plentiful supply of fish are the prim  ary resour ces re quir ed for ospr ey success (P oole,
1989a). The tops of isolated and often dead trees and man-made structures are preferred
nesting s ites. Osprey often nest in ¢ olonie s (Poole , 1989a).

Food habi ts. Osprey are almost completely piscivorous, alt  hough t hey have been
observed on occas ion taking othe r prey including birds , frogs, and crustaceans (Brown
and Amadon, 1968). Their prey preferences change seasonally with the a  bundanc e of the
local fish (Edwards, 1988; Greene et al., 1983). Osprey occas ionally will pic k up de ad fish
but only if fresh (Bent, 1937). Osprey are most successful catc hing s pecies of slow -
moving f ish that eat benthic organisms in sha llow waters and fish that remain near the
water's surface (P oole, 1989a). Osprey consume all parts of a fish except the larger bones;
later, bone s and othe r undig estible pa rts are ej ected in fecal pellets (Bent, 1937).

Molt. Juvenile plum age is fully developed by fledging a t about 60 d ays of age
(Henny, 1988b). Juve nile s unde rgo a gr adual molt to adult plum age at approx imately 18
months of age (Brown and A madon, 1968). For adults, the basic molt takes place in two
phases; the first phase occurs primarily on the winter ing grounds prior  to spr ing migr ation.
Comple tion of the molt oc curs int he summer range prior to fall migrat ion (Henny, 1988b).

Migration. Osprey are year-r ound r esident s in t he most southe rn parts of their
range (e. g., south Florida , Mexico) but are migr atory ov er the r est of their range in the
United States and Canada (P oole, 1989a). Studies of banded osprey have shown that the
fall migr ation begins in | ate August in the north temperate  zone, with adult s and juv eniles
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from the eastern and central United States compris  ing a broad f ront flying south and t hen
directly across open ocean to their winter  ing grounds in Cent ral and South A merica (Poole,
1989a). Spring migr ation appe ars to follow the same routes with birds reac hing, for
example, the Chesapeake Bay area in mid-March (Reese, 1977) and  Minne sota by the first
half of April (Dunstan, 1973; Henny and Van Velzen, 1972). The majority of migrating

ospr ey appe ar to follow the coastline , perhaps b ecause they come from coastal ¢ olonie s or
because the coast offers a bundant food ( Poole, 1989a). After their first migrat ion south,

juv enile s remain in t heir wint ering grounds for about a year and a half, retur ning nor th to
the br eeding grounds as 2-year- olds (Henny and V an Velzen, 1972).

Breeding activities and social organization . Nonmigr atory (i.e., year-r ound r esident )
popula tions br eed during t he wint er; wher eas migratory popula tions br eed during t he
summer (P oole, 1989a). Monogamy is the general rule for osprey; bree  ding pair s remain
together and return to the same nest site year after year (Fernandez and Fernandez, 1977;
Henny, 1988b). Colonie s of ospr ey occur in areas such as islands, reservoirs, or lakes that
offer secure nest ing s ites and a bundant food ( Henny, 1986), but most osprey are solitary
nesters, often separated from other nests by tens to hundr eds of kilo meters (P oole, 1989a).
The female performs most of the incubat ion and r elies compl etely on the male for food
from just after mat ing until t he young h ave fledged (P oole, 1989a). Van Daele and Van
Daele (1982) found t hat ospr eys at successful nests incubated 99.5 to 100 percent of the
daylight hour s; disturbance of the n est dur ing this time can kill t he eggs if the adult s are
kept fr om retur ning t o the n est for some time. After hatc hing, the female is in constant
attendance at the nest for the first 35 days but may perch nearby at intervals after that
(Henny, 1988b). The female distributes the f ood deliv ered by the male by biting of f pieces
to feed to the y oung (Poole, 1989a). By 30 days, the nest lings h ave reached 70 to 80
percent of their adult weight and begint o be active in the nest (P oole, 1989a). The young
fledge by age 60 to 65 days in  nonmigr atory popula tions and by about 50 to 55d ays in
migr atory popula tions (Henny et al., 1991). After fle dging, the young r emain dependent on
both pa rents for food usually for an additional 2to 3  weeks (P oole, 1989a), but dependency
can continue up t o 6 weeks in the more southern popula tions (Henny , 1986).

Home range and resour ces. Osprey build la rge stick n ests in the tops of tall trees
or artificial str uctures such as buoy s and r adio towers (Poole , 1989a). In the Chesapeake
Bay area, less than one third of the 1,450 bree ding pair s built their n ests in trees, w hile
over half nested on channel markers and duck blinds , and the remainde r on miscellaneous
man-made structures (Henny et al., 1974). Osprey build t heir n est at the top of the chosen
site, which can make it v ulnerable to destruct ion from high winds (Henny , 1986). If not lost,
the same nest often is used year after year, and it can become quite large (e.g., over 2 m
tall and 1.5 m across) (Dunstan, 1973; Henny, 1988a). On islands where no predators are
present, osprey w ill n est on the gr ound ( Poole, 1989b). The distance osprey travel from
their nests to forage (i.e., fora ging r adius ) depends on t he availabilit y of appropr iate nest
sites near areas with sufficient fish; osprey w  ill travel up to 10 to 15 km to obtain f ood (Van
Daele and Van Daele, 1982).

Popul ation dens ity. Population densit y depends ont he availabilit y and dis tribution

of resources and can be highly var iable. Henny (1988a) reported as many as 1.9 nests per
hectare in one of the largest osprey ¢  olonie s in t he western United States in 1899, with an
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estimated 1.0 to 1.2 nests per hectare occ upied t hat year. Lower densitie s on t he orde r of
0.005 to 0.1 nests per hectare are more common (see table).

Popul ation dyna mics. Breeding d ata from many locat ions int he Unit ed States and
Canada during t he years 1950 to 1976 show low productivity (fewer than one chick fledged
per active nest on average). Evidence indicates the cause to be egg-shell t hinning t hat
resulted from the ospreys' exposure to DDT that had bioaccumulated in fish (Henny and
Anthony , 1989; Henny et al., 1977; P oole, 1989a). Thus, data from repr oduc tive studie s
condu cted dur ing this time can only be us ed with this in mind ( Spitzer et al., 1978). %
Because of their terminal posit ion in t he aquatic food ¢ hain, ospr ey can be a sensitive
indi cator of toxic contaminants that bioaccumulate (Henny et al., 1978; Henny, 1988b).

Osprey are only knownt o start a sec ond clut ch if the first one is d estroyed (P oole,
1989a). Juveniles do not return to their place of birth until 2 years of age, and they do not
breed until their third season (Henny and Van Velzen, 1972). Often, bree ding is de layed
until 4 to 7 years of age in areas such as the Chesapeake Bay, where good nesting s ites
are scarce (P oole, 1989Db).

General references

Poole (1989a); Brown and Ama don (1968); Henny (1986); Henny (1988b).

%In the ta ble beginning on t he next page, data on the number f ledged per a ctive nestand the
number f ledged per successful nest are provi ded only f or studies of populat ions t hat appeared
to be una ffected by DDT.
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Osprey ( Pandion haliaetus )

Age/Sex/ Range or Note
Factor s Cond./Seas. Mean (95% CI of mean) Location (subspecies) Reference No.
Body Weight AF 1,568 1,250 - 1,900 NS Brown & Amadon, 1968
(9) AM 1,403 1,220 - 1,600
A F cour tship 1,880 + 20 SE se Massachuset ts Poole, 1984 1
A Fincubation 1,925 + 25 SE
A F late nestl. 1,725 +25 SE
A M cour tship 1,480 + 15 SE
A M late nestl. 1,420 +15 SE
F at fledging 1,510 Maryland, Virginia McLean, 1986
M at fledging 1,210
Egg Weight (g) 72.2 £5.35SD 66.0 - 81.3 North Carolina Whittemore, 1984
(carolinensis)
Metabolic Rate | A F basal 69 estimated 2
(kcal/kg-day) A M basal 71
A F free-living 181 (85 - 384) estimated 3
A M free-living 186 (87 - 395)
Food Ingest ion | A F courtship 0.21 se Massachuset ts Poole, 1983
Rate (g/g-d ay) period
Water Ingest. AF 0.051 estimated 4
Rate (g/g-d ay) AM 0.053
Inhal ation AF 0.578 estimated 5
Rate (m7d ay) A M 0.531
Surface Area AF 1,353 estimated 6

(cm?)
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Osprey ( Pandion haliaetus )

Dietary Locat ion/Habi tat Note
Compos ition Spring Summer Fall Winter (measure) Reference No.
alewife 32 Nova Scot ia, Canada/ Greene etal., 1983 7
smelt 5 harbor , bay
pollock 53
winter flounder 10 (% wet weight ; observed
captures)
starry fl ounder 95 se Alaska/NS Hughes, 1983 7
cutthro at tro ut 5
(% wet wei ght; observed
captures, noting fish length)
carp 67 w Oregon/NS Hughes, 1983 7
crappi e 33
(% wet wei ght; observed
captures, noting fish length)
gizzard shad 63 Florida/lake Collopy, 1984
sunfish 29
larg emouth bass 5 (% of prey caught ; id entified
golden shi ner 3 at nests)
brown bul Ihead 37.7 Idaho/reservoir Van Daele & Van Daele, 1982
salmonids 20.8
northern squawf ish 19.3 (% of fish caught ; observed
yellow perch 11.6 captures)
larg escale sucker 10.6
Size of fish caught : Idaho/reservoir Van Daele & Van Daele, 1982
<10cm 3.3
11-20cm 42.1 (% of fish in each size class;
21-30cm 46.7 determined from remain s at
31-40cm 6.6 nest)
41 + cm 1.3
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Osprey ( Pandion haliaetus )

Populat ion Age/Sex Note
Dynamics Cond/Seas Mean Range Location/Habi tat Reference No.
Foragi ng AM 1.7 0.7-27 Minnesot a/lakes Dunstan, 1973
Radius (km) ABspring 10 Nova Scot ia/c oastal Greene etal., 1983
AB 3t08 >1 nw California/coastal , bay Koplin, 1981
Populat ion A B sum mer 1.9 Oregon/ lake in 1899 only Henny, 1988a
Density A B spring 0.028 Florida/wetland Eichhol z, 1980
(nests/ha) A B spring 0.10 North Carolin a/reservoi r Henny & Nol temeier, 1975
A B spring 0.005 North Carolin a/lake Henny & Nol temeier, 1975
Clutch 3.23+0.03 SE Atlantic Seaboard/NS Judge, 1983
Size 2.84 £0.07 SE Georgia, Flor ida/NS Judge, 1983
2.67 £0.07 SE s California, n Mexico/ NS Judge, 1983
3.23+0.09 SE ne United States/NS Spitzer, 1980
2.82 1-4 Idaho/river, lakes Henny et al., 1991
Clutches/Year 1 NS/NS Poole, 1989a 8
Days 38.1+£3.2SD 32-42 Baja California, Judge, 1983
Incubation Mexico/ coastal islands
35-43 Massachuset ts/NS Poole, 1989a
Age at non-migr. 62.5+4.9SD 52-76 Baja California, Judge, 1983 9
Fledging pop. Mexico/ coastal islands
(days)
54 +3.0SD 48 - 59 Maryla nd/Cheasapeake Bay Stotts & Henny, 1975 9
migrator y
pop.
Number 1.16 0.79-1.47 (10yrs) | N. Carolin a/lake Whittemore, 1984
Fledge per 1.34 S. Carolin a/lake Henny & Nol temeier, 1975
Active Nest 1.58 1.17-1.89 (3 yrs) Idaho/reservoi r Van Daele & Van Daele, 1982
1.92 e United States/coastal Poole, 1984
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Osprey ( Pandion haliaetus )

Populat ion Age/Sex Note
Dynamics Cond/Seas Mean Range Location/Habi tat Reference No.
Number 1.7 Baja California, Judge, 1983
Fledge per Mexico/ coastal islands
Successful
Nest 2.14 Idaho/riv er Henny etal., 1991
1.83 Florida/lake Collopy, 1984
1.79 Delaware/c oastal bay Henny etal., 1977
2.05 Montana /lake Henny etal., 1991
Age at B 3-5yrs New York, Spitzer, 1980 10
Sexual B 3yrs Massachuset ts/NS Henny & W ight, 1969
Maturity North America/NS
Annual 1st year 57.3 New York, New Jersey /NS Henny & W ight, 1969
Mort ality years 2 -18 185+1.8
Rates (percent) | JB 41 NS/NS Spitzer, 1980
AB 15
Average if reach sex. 4.8 NS/NS Brown & Amadon, 1968
Longevi ty maturity
Seasonal Note
Activity Peak End Reference No.
Mating late April May mid-June Delaware, New Jersey Bent, 1937
May Minnesot a Dunstan, 1973
early Dec. late February Florida (nonm igratory) Poole, 1989a
early January early March Baja California, Mexico Judge, 1983
(nonm igratory)
Hatching mid-March early May late May Maryland, Virginia Bent, 1937
late April mid-M ay mid-June New York/New England Bent, 1937
February late April Baja California, Mexico Judge, 1983
(nonm igratory)
Migration fall late August September November most of Uni ted States Henny, 1986 11
spring early April Minnesot a Dunstan, 1973

early March

North Carolina

Parnell & Walton, 1977
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Osprey ( Pandion haliaetus )

Late nestl. indicates | ate nestling stage of the breeding season. Ci ted in Poole (1989a).

Estimated using equat ion 3-28 (Lasiewski and Dawson, 1967) and body weights f  rom Brown and Amadon (1968) .

Estimated using equat ion 3-37 (Nagy, 1987) and body weights f rom Brown and Amadon (1968) .

Estimated using equat ion 3-15 (Calder and Braun, 1983) and body weights f rom Brown and Amadon (1968) .

Estimated using equat ion 3-19 (Lasiewski and Cal der, 1971) and body weights f rom Brown and Amadon (1968) .

Estimated using equat ion 3-21 (Meeh, 1879 and Rubner , 1883, cited in Wals berg and King, 1978) and body weights f rom Brown and Amadon
(1968).

Percent wet weight of food ingested by free-flyi ng osprey est imated by identifyi ng species of fish capt ured (using binoculars) , estimating the
length of each f ish capt ured by com parison with osprey , and using | aborator y measures of weights and | engths of samples of these fish species.
Second clutch produced onl vy if firstis lo st.

Nestlings i n migrator y populat ions fledge at an ear lier age than nestlings i n nonm igratory populat ions, such as those i n Mexico and sout h
Florida.

Cited in Henny (1988b).

Cited in Henny (1986).
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